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ABSTRACT 
The study of the interaction of transition and heavy metal ions with naturally 
occurring organic moieties which serve as potent chelating agents has been 
considered attractive to inorganic and bioinorganic chemists, specially for evaluating 
important beneficial and deteriorative effects of these metal ions in living systems. 
Pyridine-2,6-dicarboxylic acid also called dipicolinic acid is present in nature as an 
oxidative degradation product of vitamins, co-enzymes and alkaloids and is a 
component of fulvic acid. It has been found to act as a water germicidal agent and 
antioxidant for ascorbic acids in fruits. It is a versatile and desirable metal ion 
chelator exhibiting low toxicity and amphophilic nature. 
Ternary complexes containing N-based ligands like pyridine, phenanthroline, 
bipyridine and their substituted analogues as auxiliary ligand, and dicarboxylic acid 
or its multifunctional derivatives as primary ligand have been considered useful 
models for several mono- and poly-metallic enzymes or biosites. Dipicolinic acid or 
pyridine-2,6-dicarboxylic acid (dipic-2H) has been extensively exploited for the 
preparation and structural characterizations of binary complexes where it acts as 
dipic^-, dipic-H' and dipic-2H i.e. dianionic, monoanionic and neutral ligand. 
respectively. However, ternary complexes containing N-donor bases (auxiliary 
ligands) and pyridine-2,6-dicarboxylic acid (primary ligand) are not numerous. In 
the present work, special emphasis is being paid for the preparation and structural 
characterizations of such complexes. The structure and binding interactions of a few 
transition metal ions for ternary complexes containing 4-picoline and dipic '^ 
(pyridine-2,6-dicarboxylate) have been carefully studied employing spectroscopic 
techniques including single crystal X-ray crystallography. The biocidal activities of 
these complexes towards gram +ve, gram -ve bacteria and fungi have also been 
undertaken and discussed. 
There have been attempts by several workers during the last decade to employ 
the proton transfer process from polycarboxylic acids to polyamines to achieve self-
assembled moieties through a wide spread H-bond associations. Here-in the X-ray 
crystallographic characterization of a novel complex moiety obtained via an 
analogous proton transfer mechanism, formulated as 
[Cu(dipic)2][NH3(CH2)30H]2.1/2H20, having a supramolecular framework is 
reported. The work embodied in present thesis can be summarized as follows: 
• Chapter 1 is an overview of the recent trends in the coordination chemistry 
of polydentae ligands. 
• Chapter 2A deals the synthesis and spectral characterization of a few 
transition metal mixed ligand ternary complexes [Fe(dipic) (4-picorme)]CI 
and [M(dipic) (4-picoline)] (M = Co, Ni or Cu). Single crystal X-ray 
crystallographic studies of the Cu(n) complex i.e. 4-picoline (pyridine -2,6-
dicarboxylato-N,0,0') copper (II), have indicated a four coordinate distorted 
square-planar geometry which is not very common for Cu(II) complex. The 
stoichiometry, mode of bonding and structure for the complexes 
[Fe(dipic)(4-picoline)]Cl and [M(dipic)(4-picoline)] have been determined 
employing physico-chemical and spectroscopic techniques viz. IR, UV-
visible (ligand field). FAB-mass and EPR spectra etc. Magnetic moment and 
ligand field spectral studies of the complexes suggest that the metal ions are 
in general in high-spin state and acquire a hexa-coordinate geometry around 
Fe(III). and tetra-coordinate geometry around Co(II) and Ni(II) ions. This 
Ill 
has been verified form the molecular model computation through optimum 
energy plots for the best perspective geometry of the complex molecules. 
The important bond lengths and bond angles have also been computed and 
discussed. 
• Chapter 2 B deals with the in-situ reactions of transition metal salts with the 
condensation product obtained from the reaction of pyridine-2,6-dicarboxylic 
acid 3-amino- 1-propanol. These reactions have yielded stable solid 
complexes of the stoichiometry [MLXn] (L = pyridine-2,6-dicarboxylic 
acid-bis-(3-hydroxy-propyl)amide; [n = 1, X = SO4, M = Cu ; n = 2, X = CI, 
M = Mn , Co, Ni, Zn, Cd or Cu ; n = 3. X = CI, M = Cr or Fe]. The mother 
liquor after isolation of the complex [CuLCb] has produced beautiful blue 
colour needle shaped crystals suitable for the X-ray crystallography. The 
analytical, FAB-mass and crystallographic data confirm its stoichiometry as 
[Cu(dipic)2][NH3(CH2)30H]2.1/2H20. Coordination geometry of the metal 
ion in these complexes were proposed from spectroscopic techniques i.e. IR, 
FAB-mass, EPR and physico-chemical methods like conductivity, analytical 
data and magnetic moment measurements. Molecular model computation 
were employed to substantiate proposed geometry of the complexes. The 
important bond lengths and bond angles have also been computed and 
discussed. The X-ray crystallographic structural parameters for the Cu(II) 
complex confirm a hexa-coordinate distorted octahedral geometry around the 
metal ion. The packing of the molecules involve an extensive hydrogen 
bonding to generate a supra molecular frame work. 
• Chapter 2 C, deals with the synthesis and characterization of the novel 
ligand. N-(3-hydroxy-propyl)-isopthalamic acid (L ' ) and study of its 
IV 
reactivity towards CuCi2, which has afforded a 1:1 complex [CuL'Cb]. The 
complex has been characterized using usual physico-chemical and 
spectroscopic techniques. 
• Chapter 3 describes the in-situ reaction of the transition metal chlorides with 
the condensation product derived from the reaction of Salicylaldehyde and 3-
amino-1-propanol. The present investigations indicate that the final products 
are homo-bimetallic in nature i.e. di-jU2-alkoxo bridged binuclear complexes, 
[M2L'^ 2(H20)2 CI2] [L^  = l-{salicylaldeneamino)-3-hydroxypropane)] (M = 
Mn, Co. Ni, Cu, Cr or Fe]. "pe -Mossbauer Spectral data of [Fe2L2^  
(H20)2Cl2] suggest that the two metal ions of the homo-bimetallic species 
acquire identical oxidation as well as spin-states. The magnitude of the 
isomer shift (5) and the quadruple splitting (AEQ) as well as the peak height 
ratio (HWh/HW|) are consistent with the high-spin state (t2g^ . Cg") 
configuration of Fe(Ill) with an anisotropic hexa-coordinate environment 
around the metal ion. There is presence of a fluctuating electric or magnetic 
field near the nuclei exhibiting spin-spin relaxations. The presence of intra-
molecular antiferromagnetic exchange between the two Fe^ "^  ions connected 
with an alkoxo bridging are probably responsible for enhancing the 
probability of spin-spin relaxation process. 
In chapter 4, the electro-chemical behaviour of some of these complexes in 
solution have been studied using cyclic voltammetic and conductometric 
techniques. Thermodynamic first ionic associafion constant (Ki) as well as 
the corresponding free energy (AG) of the metal complexes in water has been 
estimated by carrying out the conductometric studies at RT. The observed 
CV data indicate the presence of irreversible reductions as well as formation 
of the quasi-reversible redox couples in the solution. 
chapter 1 
An Overview of the recent trends in the 
coordination chemistry of poly-dentate ligands. 
The coordination chemistry of multidentate ligands has been a field of 
intensive research amongst inorganic chemists and bioinorganic chemists over the 
past decades. There is no dearth of literature on the synthetic structural or functional 
aspects of such ligands. Naturally, occurring macrocyclic complexes like vitamin 
Bi2, metal loporphyrins. chlorophyll and the industrially important metal-
phthalocyanine have been studied for many years [1-5]. Synthetic ring complexes 
which copy [6] aspects of these naturally occurring complicated macrocyclic ring 
systems are known. Investigations of such compounds find an analogy with the 
natural systems, and were the main goal of early stage research. Although, the 
results obtained do not always closely parallel those in nature, the biochemical role 
of metal ions in the natural system is better understood through these synthetic 
models. At present the emphasis of research is ranged over the whole spectrum of 
chemistry. The wide spread interests in these molecules are due to their unique and 
exciting chemistries in that they can serve as receptors for the metal ions, molecular 
cations, neutral molecules or molecular ions of widely differing physical and 
chemical properties. Moreover, metal ions complexation can drastically alter some 
of these properties. They possess several desirable properties such as selective 
substrate recognition, stable complex formation, transport capabilities and catalysis 
[7] etc.. 
Several synthetic approaches have been proposed to design discrete 
polynuclear complexes. One of them consists of the ingenious use of compartmental 
ligands, which are organic molecules able to hold together two or more metal ions. 
The Schiff bases derived from 2,6-difrormyl-4-methylphenol (Robson-type ligands) 
and from 3-formylsalicyclic acid are among the most popular ligands belonging to 
this family [8,9]. These ligands are especially appropriate to generate either homo-
binuclear complexes, or hetero-binuclear complexes (symmetrical or un-
symmetrical). The ligands shown in Figure 1 (a) and Figure 1 (b), which were 
obtained starting from 3-formylsalicysclic acid [9] usually produced binuclear 
complexes in which the ligand (b) is a compartmental type acyclic side-off ligand 
possessing dissimilar compartments. The latter is excellent ligand for stepwise 
synthesis of heterobinuclear complexes [10]. The unsymmetrical tetradentate schiff 
- base ligands derived from 3-formylsalicyclic acid (Figure 2) has been shown to be 
suitable precursors for the design of homo- and hetero- trinuclear systems. 
^ ^ ^ 
(a) 
Figure 1 
Figure 2 
It is well known that carboxylate ligands play an important role to construct 
novel metal-organic frame works (MOFs) in coordination chemistry. They usually 
adopt diverse binding modes as terminal monodentate, chelating to one metal center 
or bridging bidentate in a syn -syn, syn-anti, anti-anti configuration to two metal 
centers [II]. A large numbers of MOFs containing carboxylate ligands have been 
prepared and almost all of them are in polymeric forms [12-14]. Pyridine-2,6-
dicarboxylic acid and its substituted analogs are of great interest to medicinal 
chemists, because of the wide variety of their physiological properties displyed by 
natural as well as synthetic acids. These acids are present in many natural products, 
such as alkaloids, vitamins and coenzymes. Metal complexes of these ligands are 
therefore, especially intresting model systems. [15]. F>yridine-2,6-dicarboxylic acid 
(dipic-2H) also called as dipicolinic acid has an attractive coordination chemistry. It 
has a rigid 120^  angle between the central pyridine ring and two carboxylate groups 
and therefore could potentially provide various coordination motifs (Fig 3) to form 
both discrete and consecutive metal complexes under appropriate synthetic condition 
[16]. The systematic studies undertaken by several research groups for transition as 
well as rare earth metal complexes based on (dipic-2H) indicate versatile 
coordination motifs for Pyridine-2,6-dicarboxylic acid (Figure 3). The presence of 
additional donor centers in the Pyridine-2,6-dicarboxylic acid frame as for example 
OH group in 4-hydroxypyridine-2,6-dicarboxylic acid (H3CAM) may unite the 
coordination geometry of (dipic-2H) and hydroxyl group, which can potentially 
provide more coordination motifs than (dipic-2H) [17]. 
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Pyridine mono carboxylic acids (HPMCA) known as Picolinic acid are 
active in the metabolism of body. For example, nicotinic acid (pyridine-3-carboxylic 
acid) is a constituent of the redox coenzymes, nicotinamide adenine dinucleotide and 
nicotinamide adenine dinucleotide phosphate, which are essential in energy 
metabolism in the living cell. Pyridine monocarboxylic acids (HPMCA) act as 
chelating agents for elements such as chromium, zinc, manganese, copper, iron, and 
molybdenum in the body. They are involved in phenylalanine, tryptophan, and 
alkaloids production, and for the quantitative detection of calcium. Complexes with 
zinc may facilitate the passage of zinc through the gastrointestinal wall and into the 
circulatory system. Metal complexes of pyridine monocarboxylic acid and their 
derivatives can be exploited as models to elaborate these effects. They are used as 
intermediate to produce pharmaceuticals and metal salts for the application of 
nutritional supplements. 
The carboxamide [-C(0)NH-] group, which is a primary structure of 
proteins, is an important ligand construction unit for coordination chemists. Pyridine 
carboxamides can also be considered as multidentate class of ligands. These can be 
prepared from condensation reactions between pyridyl-bearing amine and carboxylic 
acid precursors, promoted by coupling agents such as 1,1-carbonyldiimadazole, 
diphenoxyphosphoryl azide or triphenylphosphite [18-22]. Upon deprotonation of 
the carboxamide nitrogen atom, this centre and the pyridyl ring(s) of the anion, 
chelate to metal ions. Pyridine carboxamide ligands have found use in asymmetric 
catalysis [19,23], molecular receptors [24,25], and platinum(II) complexes with 
antitumour properties[21]. 
The behaviour of pyridine carboxamides towards biologically relevant d-
biock metal has been widely investigated, particularly with copper being a fruitful 
element for such studies. Copper (II) is integral to the active site of numerous 
electron transfer and oxygenase metalloproteins. Moreover these biosites often 
contain several copper ions in very close proximity to one another, e.g. ascorbate 
oxidase and laccase have four copper atoms in the active sites. Pyridine 
dicarboxamide ligands support a range of coordination numbers, geometries [20, 26-
29] and nuclearities of copper(n). Apart from all these general interest mentioned 
above the pyridine carboxamide and related compounds have also been used an 
effective ligand system in the design and control of molecular architectures [30] 
The preparation of novel new polydentate pyridine dicarboxamide ligands 
(H2PDCA)[Figure 4] systems starting from pyridine-2,6-dicarboxylic acid 
(dipic-2H), pyridine-2,6-dicarbonyl dichloride or 2,6-diaminopyridine are reported 
in literature [30]. The compounds belonging to this class of ligands (H2PDCA-I) to 
(H2PDCA-3) were generated from reactions of dipic-2H with 2-aminothiazole, 2-
amino-5-chloropyridine or 2 amino -4-methyl pyridine, respectively, in presence of 
triphenyl phosphate. 
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However, the diester 0,0-diphenylpyridine-2,6-dicarboxylate was formed 
rather than the desired dicarboxamide ligand H2PDCA-4 when 2-aminopyrimidine 
was used under analogous conditions due to generation of phenoxide presumably 
originated from triphenylphosphite. To overcome this problem, H2PDCA-4 was 
synthesised from the diacylchloride analogue i.e. pyridine -2,6-dicarbonyl dichloride 
and 2 aminopyrimidine with triethylamine as hydrogen chloride acceptor. Similarly, 
H2PDCA-5 has been was prepared using 2-(aminomethyl)-napthalene. Treatment of 
-2,6-diaminopyridine with pyrazine-2-carboxylic acid or 2-picolinic acid (Hpic) 
generated H2PDCA-6 and H2PDCA-7, respectively .The ligand H2PDCA-8 was also 
prepared by a triphenylphosphite promoted condensation reaction between 2-
aminopyridine and H2PDA, while H2PDCA-9 and H2PDCA-IO were synthesised by 
reaction of 2-(aminomethyl)pyridine, or 2-(aminoethyl)pyridine, respectively, with 
pyridine-2,6-dicarbonyI dichloride in the presence of triethylamine[28, 31]. The 
synthetic routes for the preparations of all these ligand systems are summarized in 
Fig 4 Condensation reaction between 1,2- phenylenediamine and pyridine mono 
carboxylic acid (HPMCA) generates l,2-bis(pyridine-2-carboxamido)benzene 
H2PDCA-11 [32,33]. Similarly 3,4-bis(pyridine-2-carboxamido) toluene (H2PDCA-
12) was prepared from 3,4-diaminotoluene by the same route (Figure 5). 
n 
H,Li' 
Figure 5 
These ligand systems were characterized employing various physicoc-
hemical and spectroscopic techniques. The X-ray crystal structure for H2PDCA-8, 
H2PDCA-9 and H2PDCA-IO were also reported [30] which suggest that the 
molecule of H2PDCA-8 is essentially planer whith an extensive array of hydrogen 
bonding interaction (Fig 6). 
Figure 6 
10 
However, H2PDCA-9 crystallizes as dimer pairs of molecules crosslinked by 
four-membered hydrogen bonding rings involving pyridyl nitrogen atoms and NH-
groups (Figure 7a and 7b). 
Figure 7 (a) 
Figure 7(b) 
It is interesting that the ligand, H2PDCA-IO adopt head-to-tail arrangements, 
apparently a combined structural motifs from H2PDCA-8 and H2PDCA-9 (Figure 8). 
11 
0{17A) 
Figure 8 
All these ligands exhibit intresting binding characteristics towards metal ions 
they react with metal salts in 3:2 metal-ligand molar ratio to produce a trimetallic 
species [Cu3(H2PDCA-7)2 (^ 2-OAc2)] which wre characterized by x-ray 
crystallography (Figure 9). 
However reactions of Cu(II) actate with H2PDCA-11 or H2PDCA-I2 in 1:1 
mole ratio invariably produces a monometallic species. The X-ray crystallographic 
studies suggested that the coordination sphere comprises pyridyl and carboxamide 
nitrogen atoms in distorted Square planer arrangements with (Cu - Namide) bonds 
shorter than (Cu - Npyndyi) (Figure 9). 
12 
Figure 9 
The study of coordination polymers has gained recognition as an important 
interface between synthetic chemistry and materials science. This has provided a 
solid foundation for understanding, how molecules can be organized and how 
functions can be achieved. The construction of metal-organic frameworks (MOFs) is 
of current interest because of their structural diversities [34, 35] with novel topology 
and the crystal engineering of molecular architectures organized by coordination 
bonds and supramolecular contacts (viz, hydrogen bonding, TI-TI interactions, etc). 
One fruitful synthetic methodology for such coordination frameworks is the choice 
of pyridine-2,6-dicarboxylic acids as building blocks to assemble with transition 
metal ions under hydrothermal condition. The pyridine dicarboxylic acids with the 
isomers, 2,3-, 2,4-, 2,5-, 2,6-, have been widely exploited to form 1:1 and 1:2 metal 
derivatives which exhibit various structural topologies and interesting properties. 
Pyridine-2,4-dicarboxylic acid has been remarkably attractive for its flexible 
coordination modes (Figure 10) [36, 37]. 
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Figure 10. Schematic representation of tlie observed coordination modes of pyridine 
dicarboxylic acid 
The crystallographic and magnetic characterization of various metal iigand 
coordination networks are reported [38,39]. These networks can consist of one-, 
two- or three-dimensional lattices. The dipicolinate anion with its two carboxylate 
groups in ortho positions with respect to the pyridine nitrogen is potentially 
tridentate. The reactivity of the dipicolinate as Iigand for complexation depends on 
the degree of protonation. It can form H2PDCA, HPDCA' and PDCA '^ in aqueous 
solutions. The acidity constant of dipicolinic acid determined by several groups [40] 
provide differing values but the most accepted [41] values are pkai =2.10 and pkai = 
4.68. Henceforth the preparations of its complexes some times require the 
deprotonation step. Many spectacular MOFs have been demonstrated, such as one 
dimensional (ID) chains [42] and ladders [43], two dimensional (2D) grids [44] 
three dimensional (3D) microporous networks [45], interpenetrated modes [46] and 
14 
helical staircase networks [47], which are likely used as new materials, such as 
molecular magnets, opto-electronic devices, sensors, catalysts, and so on [48-54]. 
Supramolecular chemistry was first introduced in 1978 [55,56] as the 
chemistry of molecular assemblies. Supramolecular chemistry is the chemistry of 
intermolecular bonds comprising of strong electrostatic interactions and often weak 
interactions including hydrogen bonding, vander Walls forces, etc. by the theme of 
mutual recognition. Molecules recognize each other through a complex combination 
of geometrical and chemical factors and the complementary relationship between 
interacting molecules is characteristic of recognition process.[57] Supramolecules 
are not just collection of molecules and their structures but the characteristic 
properties are distinct from the aggregate properties of their molecular constituents. 
The construction of a supramolecular from molecular components implies a detailed 
and precise knowledge of the chemical and geometrical properties of intermolecular 
interactions.[58] . Although supramolecular chemistry is still novel, it has drawn a 
great deal of attention for further investigation. Since Supramolecular chemistry is a 
highly interdisciplinary field of science covering the chemical, physical, and 
biological features of the chemical species of greater complexity than molecules 
themselves [59] 
The transition metal Schiff base complexes with an N2O2 donor set have been 
extensively studied [60-67]. The manganese complexes containing the N,N'-
propane-l,3-bis(salicylideneaminate) derivatives are the best documented [68-71]. 
The use of hydroxyl-rich Schiff base ligands to form dimeric manganese(III) 
complexes to mimic the substructure of OEC(oxygen evolution centre) [66,67,72-
74] are reported. The water alkoxo bridged dimeric manganese complexes like 
15 
[Mn2(Salpa)2(H20)2Cl2].DMF and [Mn2(Salpa)2(H20)2(N3)2].2EtOH with 
coordinated H2O are recently reported [75]. 
Manganese plays an important role in several biological redox-active 
systems, e.g., manganese superoxide dismutase [76], manganese catalase [77], 
manganese peroxidase[78] manganese ribonucleotide redctase [79] and the oxygen-
evolving complex (OEC) [80.81]. In general manganese(II) complexes with Schiff-
bases are air-sensitive and easily oxidized to manganese(III) complexes by 
molecular oxygen. The crystal structure consists of discrete binuclear clustersin 
which hexacoordinate coordinate geometry around each Mn atom is attained from 
coordination of water molecule [81,82] in the axial direction. 
The condensation reaction of salicylaldehyde and its derivatives with 3-
amino-1-propanol are reported to produce the hydroxyl-rich Schiff base ligands with 
ease. The reaction was completed by heating the mixtures for 1 or 2 hours and 
follows the reaction pathways as shown in figure 11. Reactions in an oxygen-free 
environment with manganese (II) salts from Mn(II) complexes. While in presence of 
air or oxygen produced complexes with +3 oxidation state of the manganese. 
Moreover, in the presence of EtaN in the solution oxidation state may be speedup 
and dehydrogenation at the OH group usually occur giving dimmers and clusters. 
This may help a study of the magnetic exchange coupling between metal ions in the 
polymetallic species. The structure of the dimmer has been as certained from single 
crystal X-ray structure as shown in figure II. However in the absence of EtsN or an 
organic base the hydroxyl group does not deprotonate and only monomeric 
manganese complex is generated. 
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Cfiapter 2 
2A:- Synthesis and Spectral characterization of a 
few transition metal mixed ligand complexes 
containing 4-picoline and pyridine-2,6-
dicarboxylate anion: Single crystal X-ray 
crystallographic studies of 4-picoline-{pyridine-
2-6-dicarboxylato-N,0,0^) Copper(II). 
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Introduction 
Metal complexes containing monocarboxylic acids are well known and 
reports of many structurally characterized examples of this class of compounds have 
demonstrated the versatility of the carboxylate group as an inner-sphere ligand [1]. 
The carboxylate group is an interesting important class of ligand to inorganic and 
bioinorganic chemists. The coordination chemistry of dicarboxylic acids is fast 
developing area of research. Although some structural informations for this class of 
complexes are reported [2], but they are still relatively scarce. The main reason for 
this is due to the fact that dicarboxylic acids generally tend to react with metal salts 
to yield insoluble polymeric materials which are often difficult to characterize and 
almost impossible to crystallise. Furthermore, reactions of polymeric copper(II), 
polymeric manganese(II) and polymeric cobalt(II) dicarboxylic acid complexes 
with bidentate donor ligands like 1,10-phenanthroline and 2,2'-bipyridine may lead 
to the synthesis of crystalline compounds. Some of these compounds could grow as 
single crystals which were easily structurally characterised by X-ray methods [3-5]. 
The transition metal coordination polymers constructed by multicarboxylate 
ligands exhibit potential applications as zeolite-like materials for molecular 
selection, catalysis, ion exchange, non-linear optics and microelectronics, as well as 
in the variety of architectures and topologies [6] Fortunately, multi-carboxylate 
ligands have proved good candidates because they can be regarded not only as 
hydrogen bonding accepters but also as hydrogen bonding donors, depending upon 
the number of deprotonated carboxylic groups [7]. 
Reactions of transition metal salts with functionalised monocarboxylic such 
as picolinic acid (i.e. pyridine-2-carboxylic acid) and dicarboxylic acids such as 
dipicolinic acid (i.e. pyridine-2,6-dicarboxylic acid) result in the isolation of 
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materials which have been structurally elucidated [8-10]. The high symmetry 
multifunctional ligands for example pyridine-2,6-dicarboxylic acid and pyridine-3,5-
dicarboxylic acid have been used successfully to synthesize compounds, where 
metal ions can be bridged into two- or three-dimensional structures. Such 
compounds are of interest not only because they mimic the activity of the 
biologically important catalases but also a number of them have been shown to 
catalyse the low temperature peroxide bleaching of fabrics [11]. 
Numerous complexes of pyridine 2,6-dicarboxylic acids with transition 
metals have been investigated because of their interesting structural and redox 
properties [12,13].The mixed ligand dipicolinate manganese(II) complexes 
containing bidentate N-chelating agents such as [Mn(dipic)(bipy)] 2H2O, 
[Mn(dipic)(bipy)2] 4.5H2O and [Mn(dipic)(phen)2] 2H2O, are also reported [14]. 
The X-ray structure of [Mn(dipic)(bipy)2] 4.5H2O has indicated that the molecule 
lies on a two-fold axis, the bipy groups are cis to one another and the metal ion has 
irregular six-cordinate geometry. All the solvate water molecules and the 
carboxylate oxygens of the bipyridine ligands are involved in hydrogen bonding and 
the bipyridine ligands are involved in n-n stacking interactions with neighboring 
complex molecules. 
The weaker non-covalent interactions, especially hydrogen bond and n-n 
stacking play crucial role in fundamental biological processes, such as expression 
and transfer of genetic information. They are also essential for molecular recognition 
between receptors and substrates as well as construction of complicated 
supramolecular arrays through self-organization of molecules in supramolecular 
chemistry [15]. Rational design and synthesis of new extended supramolecular 
networks by means of both coordinative covalent and hydrogen bonding interactions 
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of great interest and have brought forth a variety of such frameworlcs with 
fascinating structural motifs [16]. However, It is still a challenge to control the 
course of the reactions to achieve the desired final products. Studies on this aspect 
are limited because the assembly of molecules through weak interaction requires 
incorporation of many factors that cannot be completely controlled. Proper selection 
of metal ions and ligands are key issues in designing a system for self-assembly 
[17]. 
The present work describes the use of pyridine-2,6-dicarboxylic acid and 4-
picoline as mixed organic building blocks to construct supramolecular networks 
(vide infra) via covalent bond formation, hydrogen bonding as well as n-n stacking 
interactions in the molecular assembling process. Pyridine-2,6-dicarboxylic acid 
(H2dipic) is an attractive ligand , which tends to bind metal ions as a tridentate 
chelating agent in neutral (H2dipic), monoanionic (Hdipic') or dianionic(dipic '^) 
form. The dianion form has a planar geometry and its coordination chemistry has 
been extensively investigated [18]. The mixed ligand metal complexes containing a 
single dipic^' and the other ligand like H2O or N-based hetrocycle, usually form a 
four or five coordination geometry [19,20]. However, with two planar dipic '^ 
molecules, coordination to metal ion in two independent perpendicular planes 
generate a six-coordinate distorted octahedral geometry [21]. Reaction of pyridine-
2,6-dicarboxylic acid (H2dipic) with CuCb 2H2O in presence of 4-picoline has 
resulted in a novel mixed ligand complex, with molecular formula C39H30CU3N6O12 
or [Cu(dipic)(4-picoline)]3 stoichimetry in which the ligand is present in the 
dianionic forms (dipic^) acting as a tridentate ligand. Each Cu(U) acquires a four 
coordinate geometry (vide infra), the N-hetrocycle lies in the same equatorial plane 
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as the dipic '^ moiety resulting in an un-common distorted square-planer geometry 
ascertained from the single crystal X-ray structure analysis. 
It has been reported [22] that reaction of picolinic acid (pyridine-2-
carboxylic acid) and 3-amino-l-propanol under reflux condition follows a 
condensation path involving -COOH and NH2 functions. The substrate further 
reacts with CuCb 2H2O (in-situ). resulting in solid product which in presence of 
NaOH afforded product identified as N-picolinoyl-l,3-propanolaminatocopper(II) 
dihydrate, in which the ligand is a tridentate chelating agent. The spectral 
characterization has indicated that the carboxylic acid function of the picolinic acid 
condenses with the -NH2 group of the 3-amino-l-propanol. The -NH proton of the 
amide group (-CONH) as well as the hydroxyl proton of the resulting substrate is 
polar in basic medium and the ligand behaves as a dianion. However, to our 
knowledge the condensation reactions of a functionalized dicarboxylic acid, such as 
pyridine-2,6-dicarboxylic acid and amino propanol reagent are not reported in the 
literature. In this chapter the investigations on the condensation reaction of pyridine-
2,6-dicarboxylic acid with 3-amino-l-propanol under reflux condition has been 
described. It produces an oily mass, which is however, quite reactive towards metal 
salts even in neutral medium resulting in stable solid products. The products have 
been thoroughly characterized employing physico-chemical and spectroscopic 
techniques. 
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EXPERIMENTAL 
Materials:-
The metal salts viz. anhydrous iron(III) chloride (both C. D. H., India), 
cobalt(II) chloride hexahydrate, nickel(II) chloride hexahydrate, copper(II) chloride 
dihydrate (all B. D. H. India), were commercially pure samples used as received. 
The reagents pyridine-2,6-dicarboxylic acid, 4-Picoline and, 3-amino-l-propanol (all 
E. Merck, Germany) were used as received. Solvents like ethanol were purified 
while acetone, dichloromethane, ether, chloroform, n-hexane, tetrahydrofuran, 
acetonitrile and dimethylsulphoxide (all s. d. fine, L R grade) were used without 
further purification. 
Instrumentation:-
FT-IR spectra of compounds were recorded as KBr disc on Perkin Elmer 
Model spectrum GX spectrophotometer. Electronic spectra and conductivities of 10' 
^ M solution in water were recorded on a Cintra-5GBS UV-Visible 
spectrophotometer and Systronics-305 digital conductivity bridge, respectively, at 
room temperature. X-band EPR spectrum of polycrystalline samples were recorded 
at room temperature (RT) as well as liquid nitrogen temperature (LNT). Results of 
the Microanalyses were obtained from Micro-Analytical Laboratory of Central Drug 
Research Institute (CDRI), Lucknow, INDIA. 
X-ray crystallographic data collection 
Single-crystal X-ray diffraction of complex (5) was performed on a 
BRUKER SMART 1000 CCD diffractometer equipped with a graphite crystal 
monochromator situated in the incident beam for data collection. The structure of the 
complex (5) was solved by direct methods (SHELXS-97) and refined against F'^  
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using the SHELXL-97 software. The single X-ray crystal structure of complex was 
recorded at I IT, Kanpur. 
SYNTHESES OF THE COMPLEXES 
Reaction of FeCbwith a 1:1 mixture of 4-picoIine and Pyridine-2,6-dicarboxylic 
acid: isolation of [Fe(dipic)(4-picoline)]CI (1) :-
4-picoline (5.0mmol, 0.5ml) was added dropwise to an ethanolic solution of 
Pyridine-2,6-dicarboxylic acid (S.Ommol, 0.835g) with stirring at room temperature. 
The mixture was stirred for ca. 30 minutes then FeCb (S.Ommol, 0.81 Ig) suspended 
in lOmL ethanol was added dropwise to the reaction mixture with stirring at room 
temperature. This produced dark orange colour solution. The reaction mixture was 
further stirred overnight at room temperature, which gave an intense orange colour 
solution.The solution was slowly evaporated in air which has provided air sensitive 
deformed needle shaped crystals which on repeated recrystallization could not 
provide single crystals suitable for X-ray structure analysis, [(l)greenish colour, 
m.p. 145°d, yield O.lSOg]. 
Anal. Calcd. for CnHio FeN204CI: C, 44.6; H, 2.86; N, 8.02 Found for (1): C,44.6; 
H, 2.84; N, 8.03. Molar Conductance, Am (in water): 105 ohm''cm^mole''. 
FT-IR (as KBr discs, cm"'): 1427s Vsym(COO'), 1471s, Vasyni(COO"), 904m 
v(M-O), 420s v(M-N) 1605s (C=N), 1442s, 773s, 724s (C=C) pyridine ring 
stretching vibration. 
Reaction of CoCh with a 1:1 mixture of 4-picoline and Pyridine-2,6-
dicarboxylic acid: isolation of [Co(dipic)(4-picoline)] (2) :-
The ethanolic solution of C0CI2.6H2O (S.Ommol, 1.189g) was added dropwise the 
reaction mixture containing pyridine-2,6-dicarboxylic acid (S.Ommol, 0.835g) and 4-
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picoline (S.Ommol, 0.5ml) as above. This produced dark orange colour solution. 
Stirring was continued for overnight at room temperature, giving a stable brown 
colour solution. The brown solution was slowly evaporated in air which as above 
could not provide crystals for x-ray analysis. [(2)Brown colour, m.p. 150°d, yield 
0.210g]. 
Anal. Calcd. for Ci3H,oCoN204: C, 49.21; H, 3.15; N, 8.83 Found for (2): C, 49.50 ; 
H, 3.20; N, 8.50. Molar Conductance, Am (in water): 50 ohm''cm^mole'. 
FT-IR (as KBr discs, cm-'): 1428s Vsyn,(COO-), 1613s, Vasym(COO"), 914m 
v(M-O), 432w v(M-N), 1610s (C=N), 1440s, 770s, 724s (C=C) pyridine ring 
stretching vibration. 
Reaction of NiCbwith a 1:1 mixture of 4-picoIine and Pyridine-2,6-dicarboxylic 
acid: isolation of [Ni(dipic)(4-picoline)] (3) :-
It was prepared in the same manner as above. The ethanolic solution of 
NiCl2.6H20 (5.0mmol, l.I88g) was added dropwise to the homogeneous (1:1) 
mixture of pyridine-2,6-dicarboxylic acid (5.0mmol, 0.835g) and 4-picoline 
(5.0mmol, 0.5ml). This produced dark green colour solution. Stirring was continued 
for overnight at room temperature, which increased the intensity of the colour. 
The solution was slowly evaporated in air as above which has afforded needle 
shaped well defined green crystals. [(3) green colour, m.p. 180°d, yield 0.2 lOg]. 
Anal. Calcd. for Ci3HioNiN204: C, 49.36; H, 3.16; N, 8.86 Found for (3): C, 49.60 ; 
H, 3.15 ; N, 8.87. Molar Conductance, Am (in water): 48 ohm-'cm^mole''. 
FT-IR (as KBr discs, cm"'): 1428s v^ yn, (COO^, 1613s, Vasyn,(C001, 913w 
v(M-O), 425w v(M-N) 1607s (C=N), 1445s, 776s, 720s (C=C) pyridine ring 
stretching vibration., 
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Reaction of CUCI2.2H2O with a 1:1 mixture of 4-picoIine and Pyridine-2,6-
dicarboxylic acid : isolation of [Cu(H-dipic)2] (4) and [Cu(dipic)(4-picoline)] (5) 
4-picoline (S.Ommol, 0.5ml) was added dropwise to an ethanolic solution of 
Pyridine-2,6-dicarboxylic acid (S.Ommol, 0.835g) with stirring at room temperature. 
The mixture was stirred for ca. 30 minutes then CUCI2.2H2O (S.Ommol, 0.852g) 
dissolved in lOmL ethano! was dropped to the reaction mixture. This resulted in 
formation of an immediate blue colour precipitate. Stirring was continued for ca. 2h 
at room temperature to get a quantitative yield. The blue coloured precipitate was 
filtered off, washed with ethanol and dried under vacuum. [(4)Blue colour, m.p. 
>350°C, yield 0.311 g]. 
Anal. Calcd. for C14H8CUN2O8: C, 42.74; H, 1.52; N, 7.12. Found for (4): C, 
42.82; H, 1.65; N, 7.00. The analytical data fits with the stoichiometry as 
[Cu(dipic)2](4). 
The mother liquor was slowly evaporated in air, which finally afforded 
needle shaped well defined blue colour crystals, suitable for X-ray studies. [(5)Blue 
colour, m.p. 275°d, yield 0.213 g]. 
Anal. Calcd. for C13H10CUN2O4: C, 48.52; H, 3.13; N, 8.70. Found for (5): C, 47.52; 
H,3.34; N, 8.66. Molar Conductance, Am (in water): 58 ohm''cm^mole''. 
FT-IR (as KBr discs, cm"'): 1684m, 1672s, Vsym(COO), 1596s, Vasym(COO-), 
902m v(M-O), 419s v(M-N), 1605s (C=N), 1440s, 771s, 725s (C=C) pyridine ring 
stretching vibration. 
The analytical data of (5) which fits with the stoichiometry [Cu(dipic)(4-
picoline)] are apparently different from that of the immediate product (4) which is 
amorphous in nature. The X-ray crystallographic data gives the molecular 
composition as [C39H30CU3N6O12J (moJecuJar weight = 965.31). 
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Reaction of CuCh-iHzO with Pyridine-2,6-dicarboxylic acid: isolation of 
[Cu(H-dipic-)2)(4): 
An alternative procedure to obtain the complex with stoichiometry [Cu(H-
dipic")2] is as following: Ethanolic solution of CUCI2.2H2O (S.Ommol, 0.852g) was 
slowly dropped to the solution of pyridine-2,6-dicarboxylic acid (S.Ommol, 0.835g) 
suspended in 20mL ethanol This produced blue colour precipitate and stirring of the 
reaction mixture was continued for ca. 2h at room temperature to get a quantitative 
yield of the blue precipitate. The precipitate was filtered off, washed with ethanol 
and dried in a desicator over CaO. [(4)Blue colour, m.p. >350°C, yield 0.311 g]. 
Anal. Calcd. for C|4H8CuN20g: C, 42.74; H, 1.52; N, 7.12. Found for (4): C, 42.82; 
H, 1.65; N, 7.00. 
FT-IR (as KBr discs, cm"'): 1702m v(COOH), 902m v(M-O), 419s v(M-N), 
1605s (C=N). 1445s, 771s, 720s (C=C) pyridine ring stretching vibration. 
The analytical data are consistent with the composition [Cu(H-dipic')2] (where H-
dipic" is a mono anion ofthepyridine-2,6-dicarboxylic acid). 
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RESULTS AND DISCUSSION 
The complexes (1 - 3) were obtained by reacting 1 mole equivalent of the 
metal chlorides with a homogeneous mixture containing 4-picoline and pyridine-2,6-
dicarboxylic acid taken in 1:1 mole ratio in ethanol at room temperature. The mother 
liquor on slow evaporation has afforded coloured crystals, which were sensitive to 
air, deformed on standing and were found not suitable for further X-ray structural 
analysis. However, for reactions with CUCI2.2H2O in an analogous manner has 
afforded an immediate microcrystalline blue colour solid (4) which did not melt till 
350°C. The mother liquor after the separation of the immediate product has provided 
air stable beautiful blue colour needles (5), which were suitable for the X-ray 
crystallographic studies. The structural data for (5) have been discussed in this 
chapter. The melting point, analytical and the spectroscopic studies of the immediate 
product (4) and that of crystals (5) have confirmed (vide-infra) that they have 
different molecular compositions and structures. 
Analytical data, conductivity and FAB-mass spectral studies: 
The analytical data for the complexes (1 - 3) and (5) are consistent with the 
molecular formulae FeCi3H,oN204Cl(l) or MC,3HioN204 [M = Co(2), Ni(3) or 
Cu(5)] indicating mono nuclear stoichiometry [Fe(dipic)(4-picoline)]Cl(l), 
[Co(dipic)(4-picoline)](2), [Ni(dipic)(4-picoline)](3) and [Cu(dipic)(4-picoline)](5). 
However, for the complex (4) the results of the elemental analyses (Experimental 
section) are consistent with the stoichiometry [Cu(H-dipic)2](4). The molecular 
formulae of the complexes have been further verified from FAB-mass spectral 
studies of the complexes (1), (3) and (5). 
All the complexes were fairly soluble in water and alcohols indicating a 
monomeric nature in the solution. The experimentally measured molar 
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conductivities of the aqueous solutions (lO'^ M) of the complexes (2-5) are 
comparable to those normally observed [24] for the non-electrolytes, however, for 
the complex (1) it is in the range known for 1:1 electrolytes in aqueous medium. The 
observed molar conductance (Am) therefore indicate that while [Fe(dipic)(4-
picoline)]Cl(l) ionizes to produce the complex cation [Fe(dipic)(4-picoline)]"^ and 
the counter CP , the complexes (2-5) do not ionize in the aqueous medium. 
FAB-mass spectra of the complexes [Fe(dipic)(4-picoline)]Cl(l), 
[Ni(dipic)(4-picoline)](3) and [Cu(dipic)(4-picoline)](5) exhibited peaks from weak 
(10% abundance), to a strong (100% abundance) intensities, which can reasonably 
be assigned to the corresponding complex molecular ions as well as their 
corresponding fragmentation products formed due to an stepwise cleavage of the 
exocyclic or endocyclic ligands or the sustituents on the endocyclic ligands from the 
molecular ion. The peaks due to the molecular ion and that of the stepwise 
fragmentation products usually contain equally spaced bunch of peaks of varying 
intensities probably due to the varying isotopic abundances for the metals nuclei. 
The peaks of highest intensity have been chosen as the most probable m/z values of 
the fragments. For the complex (1) an intense peaks (-100% abundance) was 
observed at m/z = 353 arising from the molecular ion [Fe(dipic)(4-picoline)Cl+4H]'^  
or [M+C1+4H]'^  molecular ion. The corresponding fragments due to stepwise 
cleavage of the exocyclic counter ligand (CI) and the substituents on the endocyclic 
ligands were also observed. The m/z values of the species formed with probable 
assignments are indicated in (Table 2A. 1). Furthermore, the addition products of the 
fragmentation species with the matrix (NBA) fragments (i.e. Bzi = 136, Bz2= 137, 
Bz3 = 154, Bz4 = 289 and Bzs = 307) were also observed at the appropriate positions 
(Table 2A. 1). The appearance of peak assignable to [M-(4-Picoline)]'^ which is 
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precisely the species [FeCdipic)]"^  suggest that the coordination or chelation from the 
pyridine dicarboxtlate group (dipic) '^ to the Fe^ "^  is very strong consistent with the 
tridentate chelation from of the dipic '^ moiety. 
The FAB-mass spectra of the complex (3) exhibited low intensity peak (< 
10% abundance) at m/z = 318 which is assignable to the molecular ion [Ni(dipic)(4-
picoline)+2H]'^ . The spectra also contain a few weak intensity (< 10% abundance) 
peaks which can be assigned to the fragmentation species generated from the 
stepwise cleavage of the molecular ion, whose m/z values with probable 
assignments are summarized in Table 2A. 2. 
Analytical data of the crystals for the complex were (5) were in good agreement 
with the molecular formula C13H10 CuN204.The FAB- mass spectrum exhibited a 
strong peak consistent with the molecular ion [Cu(dipic)(4-picoline)+ H]"^ or [M+H]* 
at m/z =322(75%). The important stepwise fragmentation products i.e. [M-CeHyN] at 
m/z =228(10%), [M-C6H7N+2H]^  at m/z =230(80%), [CSHTN+H]^ at m/z = 
94(100%) and [CeHTN-CHs]"" at m/z = 78(15%) etc. were indicated in the spectrum. 
The important addition products with the matrix fragments were also observed 
whose positions with assignments are shown in (Table 2A. 3). The FAB-mass data 
indicate that the chelation from dipic '^ moiety is strong enough to retain its identity 
as [Cu(dipic)]^ even under FAB-mass condition. 
Infrared Spectra 
FT-IR spectra of the complexes (1 - 3) and (5) have provided informations 
regarding the binding characteristics of the primary ligand, pyridine-2,6-
dicarboxylate dianion and the auxiliary ligand 4-picoline to the metal ions. The 
spectrum contains prominent bands in 1600 - 1650 cm"' and 1500 - 1550 cm'' 
regions which are characteristic [25] of the Vasym(COO") and Vjym (COO') 
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fundamental stretching vibrations, respectively of the (dipic)^ " moiety coordinated to 
the metal ions. The magnitude of the separation Av = (vasym - Vsym) = 100 cm'', 
suggesting a strong chelation from the carboxylate-0-donors of the (dipic)^'moiety. 
However, the IR spectra of the immediate product [Cu(H-dipic)2](4) 
obtained from the reaction of CUCI2.2H2O with 1:1 mixture of the pyridine-2,6-
dicarboxylic acid and 4-picoline exhibited two intense bands of nearly equal 
intensities at 1675 & 1660 cm'\ which are characteristic [26] of Vasym(COOH) and 
Vasym(COO") group Stretching vibrations, respectively of the coordinated carboxylic 
group to the metal ion. In addition a broad medium intensity band observed in the 
region 3477-3290 cm' assignable to the Vsym(OH) stretching vibration. These 
observations indicate that complex (5) contains both anionic (COO~) as well as the 
unionized (COOH) group coordinated to Cu(II) ion, behaving as a uni-negative 
ligand i.e. [dipic-H] moiety. 
The v(C=C) and v(C=N) stretching vibration of the pyridine ring of the 
primary as well as of the auxiliary ligands were also observed as strong intensity 
bands near 1600, 640 and 420 cm-' as reported [27] in the literature. The medium 
intensity bands at -900 and 410 cm-' are assignable to (M-0) [26] and (M-N) bond 
stretching frequencies. The present IR data strongly support that the ligand moiety 
(dipic)^" acts as a tridentate (i e. O, O', N) chelating agent. 
Magnetic moment, EPR and electronic (ligand field) spectral studies:-
The observed magnetic moment of the complex [Fe(dipic)(4-picoline)]Cl (1) 
(HefT = 6.0 BM) is comparable to the theoretically calculated spin-only moment for 
five unpaired electron on the metal ion [28]. This indicates that the metal ion in this 
complex is in high-spin state configuration (d ,^ e^ , tj^). The high-spin state or 
spin-free configuration of Fe^ "^  is has ^Ai ground state electronic configuration with 
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incompletely quenched orbital-moment [29]. Complexes of Fe^ "^  with anionic 
bidentate (0,0'), neutral tridentate ( 0 , 0 ' N ) or neutral tridentate (N,N,N) donor type 
ligands are reported [30] in the literature. The electronic ligand field spectra of Fe^ "^  
complexes usually exhibit an intense absorption band near 20,000 cm'' characteristic 
of ''G<—^S or ' 'AI, ''E(G)<-*AI transitions in four coordinate environment of the 
ligands. The observed two equal intensity absorption bands in the 20,000 - 19,000 
cm"' region for the complex [Fe(dipic)(4-picoline)]Cl (1) are the split components 
of the allowed ' 'G^-^S transition. This is probably due to the presence of an 
asymmetric crystal field [29]. 
The magnitude of the magnetic moment for the complex [Co(dipic)(4-
picoline)](2) (Hefr= 3.9 BM) is consistent with three unpaired electrons on the metal 
ion. The magnitude is in the range reported [28] for high-spin state of Co^ "^  ion with 
high-spin configuration (d ,^ e'*, t2^ ) in a four coordinate tetrahedral geometry. The 
electronic spectrum of the complex [Co(dipic)(4-picoline)](2) exhibited two 
absorption bands in the visible region (9852, s = 735) and (15,408, e = 176) which 
are assignable to the spin-allowed [29] transitions from the '*A2 ground state of the 
metal ion to the '*Ti(F) and '*Ti(P) excited energy states, respectively [Table 2A. 4 ]. 
The observed magnetic moment of the complex [Ni(dipic)(4-picoline)](3) 
(Pefr= 3.2 BM) is very close to the theoretically calculated spin-only moment ((pso) 
for two un-paired electrons on Ni ion with Ti ground state electronic 
configuration (e'*, ta'*) in a four coordinate tetrahedral environment of the ligands. 
The electronic spectrum exhibited two well-defined absorption bands due to the 
ligand field (d-d) transition from ^Ti ground state to the spin allowed ^A2, and T^j 
excited electronic states [29]. The position of the (d-d) bands with probable 
assignments have been indicated in the Table 2A. 4. 
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The magnetic moment for the complex [Cu(dipic)(4-picoline)](5) is 
consistent with the one un-paired electron or d^  configuration (t2g^  , Cg^ ) of Cu"*"^  ion 
in the complex. The electronic spectrum exhibited two absorption bands (10,845, s = 
690) and (12,468, s = 700) characteristic of (d-d) bands arising from ^E<-^ T2 
transition. However, the observed splitting of the (d - d) bands in the present 
complex [Table 2A. 4] is reasonably due to the presence of a strong John-Teller 
distortion. The presence of dynamic John-Teller Distortion is known to split the 
ground as well as the excited [29] electronic states. The observed bands at 10,846 
and 12,470 cm' are assigned to the ^B2<-^ Bi and ^E<r-^B\ transitions [29] which 
also may be considered as dx2-y2 <- dxy, yz and dx2-y2 <- dz2 transitions. 
The presence of this tetragonal distortion in the geometry of the complex (5) 
has also been reflected in the X-band EPR spectrum of the crystal recorded at room 
temperature (RT) as well as liquid nitrogen temperature (LNT). The spectra 
recorded at these temperatures were identical in nature. The spectra showed a gross 
anisotropy exhibiting a rhombic pattern with gi = 2.117, g2 = 2.135 and gs = 2.203. 
The ratio (R), which is defined as R = (g2-gi)/(g3-g2) is an important parameter [31] 
which provides a concrete information regarding the nature of the distortions. The 
observed magnitude of R <1.0 suggest the presence of an elongated type anisotropy 
with a considerable extent of magnetic exchange between the neighbouring Cu(II) 
nuclei. 
The room temperature X-band EPR spectrum of the complex [Ni(dipic)(4-
picoline)](3) exhibited anisotropic resonance signals with gi= 2.29 and g2 = 2.19. It 
is well known that the Ni^ "" complexes having ^Ti ground state (S = 1) exhibits zero-
field splitting. The isotropy of g is somewhat at variance with the presence of 
moderate to strong amount of zero field splitting [31] which results in two resonance 
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signals. The inclusion of riiombic zero field parameter is also helpful to account the 
observed anisotropy in the Lende parameter (g). 
X-ray crystal structure of complex (5). 
The complex [Cu(dipic)(4-picoline)](5) was obtained as needle shaped well 
defined crystals suitable for X-ray structure analyses. However, the complexes (1-3) 
were air sensitive with deformed needle shaped crystals, which on repeated 
recrystallization could not provide single crystals suitable for X-ray structure 
analyses. The complex (4) was an amorphous solid henceforth. The structure of the 
complex (5) was solved by direct methods (SHELXS-97) and refined against F^  
using the SHELXL-97 software [32]. All the hydrogen atoms were treated in riding 
model with the equivalent thermal parameters of the atoms to which corresponding 
hydrogen atoms are bonded. The crystal data and the structure refinements are given 
in Table 2A. 5. The atomic coordinates and equivalent isotropic displacement 
parameters for the non-hydrogen atoms are listed in Table 2A. 6. Selected bond 
distances, angles are listed in Table 2A. 7. 
It is clear from the spectroscopic studies wide-supra that the pyridine 
dicarboxylate (dipic)^" is an attractive an interesting ligand because of its planar 
nature. It is possible that in addition to the anionic carboxylate oxygen the neutral 
carboxylic oxygen may get involved in coordination to form a discrete poly nuclear 
species. Coordination of pyridine-2,6-dicarboxylic acid to metal ion usually forms 
two types of coordination geometries as following: (a) a single planar dipic^" ligand 
binds in equatorial plane of the metal ions and other ligands such as H2O or 
N-donors (specially hetrocycle) occupying the remaining site(s) resulting in a 
square - planar or sq-pyramidal coordination geometry [19,20]: (b) two planar 
(dipic)^ " moieties coordinate perpendicularly generating a distorted octahedral 
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geometry. [21,22]. The X-ray crystallographic investigation of the complex 
[Cu(dipic)(4-picoline)] has revealed a not very common distorted sq-planar 
coordination environment around the Cu(II) ion. 
The present crystallographic data indicated that in (5) Cu is tetra-coordinated 
in an approximately square-planar geometry. The Chemical structure and ORTEP 
view of the monomeric unit is shown in figure 2A. 1 and 2A. 2. The molecule is 
packed in a non-centrosymmetric manner (Figure 2A. 3) such that each asymmetric 
unit consists of two crystallographically independent Cu centers. The molecular 
packing shows that the molecule is packed in a parallel head-to-tail fashion The 
coordination around each Cu center is made-up of one dipic '^ (N,0,0/) coordinated 
in the equatorial plane and the N-based ligand 4-picoline is also coordinated in the 
same equatorial plane. 
A survey of the Cambridge structural data CCDC suggest that there are only 
few structure reports in which Cu^ * acquires a distorted square-planar geometry in 
which the second ligand (auxiliary ligand) lies with in the same equatorial plane as 
of the (dipic)" moiety. It is clear from the analysis of the crystals parameters that the 
(dipic) '^ binds to the Cu^ "^  through two oxygens (01,03 or 05,05A) from each of 
the carboxylate group in addition to its nitrogen (N2 or N4) atom. The coordination 
sphere completed with the binding of the nitrogen atoms of the auxiliary ligand (4-
picoline i.e. Nl or N3) to the Cu^ "^  centres. 
The observed bond distances for the (Cu-0) bonds are slightly longer (0.03 
A) while the (Cu-N) bond lengths are slightly shorter (0.025 A) from that reported 
[18] for analogous Cu^ "^  complexes. The bond distances in the present case are 
Cu(l)-O(l)=2.017(7)A, Cu(l)-0(3)= 2.024(6)A, Cu(l)-N(1)=1.859(8)A, Cu(l)-
N(2}=].903(J0)A. The two Cu units are related by glide symmetry. In the unit cell 
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the neighboring copper atoms are separated by 5.1 A. There is no perfect ring 
stacking. Molecules are packed in layers (Fig 2A. 3) aligned parallel in a head-to-tail 
motif, while the inter-layer separation is 4.78 A. 
Molecular model computations for the optimum energy plots of the complexes:-
The molecular model calculations based on ACD-3D Inc. software [34] were 
performed to visualize the probable shaped or geometries acquire by the present 
complexes. The semi-empirical CSChem-3D ultra implementation of MOPAC 
[34,35] has been employed solve the molecular structure and to get measurements 
for the various bond lengths and bond angles (calculated structural parameter) of the 
molecules. The important computed bond lengths and bond angles have been 
summarized in Table 2A. 8. The mechanical adjustments via augmented mechanical 
field were used to draw the optimized minimum energy plots (Figure 2A. 4) for the 
geometry of the metal complexes. It is noteworthy that the magnitudes of the 
computed bond angles for the complexes plotted for the four coordinate geometry 
around metal ions indicate that the molecules adopt a distorted tetrahedral geometry. 
Biological Activity: 
All compounds were evaluated for their antimicrobial properties. MICs were 
recorded as minimum concentration of the compound, which inhibits the growth of 
tested microorganism. Complexes 1, 2, 4, and 5 showed good activities while the 
complex (3) was found to be inactive against bacterial and fungal stains (Table 2A. 9 
and 11). The Copper complexes 4, and 5 also exhibited superoxide dismutase (SOD) 
activity (IC50 = 62 \imo\ dm'^ . 
Antibacterial studies 
The synthesized complexes were screened for their antibacterial activity 
against Escherichia coli (K-12), Bacillus subtilis ( MTCC-I2I), Staphylococcus 
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aureus ( IOA-SA-22, clinical isolate) and Solmonella Tryphimurium ( MTCC-98) 
bacterial stains by disc diffusion method [36,37] The discs measuring 5mm in 
diameter were prepared from whatman no.l filter paper sterilized by dry heat at 
140°C for Ih. The sterile discs previously soaked in a concentration of the test 
compounds were placed in a nutrient agar medium. The plates were inverted and 
kept in an incubator at 30± 1 °C. The inhibition zone thus formed was measured (in 
mm) after 24 h (Table 2A. 9). The screening was performed at two different 
concentrations i.e. 1 ng/ml and 100|ig/ml and ciprofloxacin was used as the 
standard. 
Minimum inhibitory concentrations (MICs) were determined by Broth 
Dilution Technique. The nutrient broth, which contained logarithmic serially two 
fold diluted amount of test compounds and controls were inoculated within 
approximately 5 x lO^c.fu. of actively dividing bacteria cells. The cultures were 
incubated for 24 h at 37 °C and the growth was monitored visually and 
spectrophotometrically. The lowest concentration (highest dilution) required to 
arrest the growth of bacteria was regarded as minimum inhibitory concentration 
(MIC). The minimum inhibitory concentration (MIC) values are given in Table 2A. 
10. The investigation of antibacterial screening data revealed that all the tested 
compounds showed moderate to good bacterial inhibition. Copper complexes 
showed good inhibition against all bacteria at 1 }ig/ml concentration. Iron and 
Cobalt complex showed slightly less activity than that of copper complex. Nickel 
complex was found to be inactive against bacteria. The MBC of few compounds was 
found to be the same as MIC but in most of the compounds it was two or three or 
four folds than their corresponding MIC results (Table 2A. 10). 
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Antifungal studies 
The complexes were also screened for their antifungal activity against 
Candida albicans, Aspergillus fumigatus and Penicillium mameffei in DMSO by 
agar diffusion method [38,39]. Sabourands agar media was prepared by dissolving 
peptone (Ig), D-glucose (4 g) and agar (2 g) in distilled water (100 ml) and adjusting 
pH to 5.7. Normal saline water was used to make suspension spore of fungal stain 
lawning. A loopful of particular fungal stain was transferred to 3 ml saline to get 
suspension of corresponding species. Twenty mililitres of agar media was poured 
into each petri dish. Excess of suspension was decanted and plates were dried by 
placing in an incubator at 37 °C for Ih. Using an agar punch, wells were made and 
each well was labeled. A control was also prepared in triplicate and maintained at 37 
°C for 3-4 days. The fungal activity of each compound was compared with 
Greseoftilvin as standard drug. Inhibition zones were measured and compared with 
controls. The fungal zones of inhibition are given in Table 2A. 11. The cultures were 
incubated for 48 h at 35 °C and the growth was monitored. The lowest concentration 
(highest dilution) required to arrest the growth of fungus was regarded as minimum 
inhibitory concentration (MIC). The minimum inhibitory concentration (MIC) are 
given in Table 4. The antifungal screening data showed that only Iron, Cobalt and 
Copper complex exhibited good activity. Nickel complex is inactive towards 
fungicides. 
Superoxide dismutase activity 
Out of the synthesized complexes, only copper complexes (4 and 5) was 
found to be active towards superoxide dismutase. The SOD activity of the complex 
was investigated by NBT assay. Several complexes containing transition metal are 
known to give good SOD activity, although, their structure are totally unrelated with 
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native enzyme [40]. Here-in we report the SOD activity measured at pH 7.8. The 
chromophore concentration required the yield 50% inhibition of the reduction of 
NBT (IC50) value of the present complex is higher (i.e. 61 |imol dm''') than the value 
exhibited by the native enzyme (IC50 = 0.04 |jmol dm'^ ). 
Results and discussion 
The in-vitro microbial activities which are expressed as diameter of 
inhibition zones as well as the minimum inhibitory concentration (MIC) values are 
in general compared to that of the standard drug. The results of the antibacterial and 
antifungal activities are shown in Table 2A. 9-12. The diameters of the inhibition 
zones for the complexes are relatively small compared to that of the reference drug. 
However, they have meaningful MIC values compared with that of the reference 
drug suggesting an antimicrobial activity by the test complexes. The magnitudes of 
the MIC values indicate that all the complexes exhibit moderate to strong 
antimicrobial activity on the tested micro-organisms. The complex [Cu (dipic)(4-
picoline)](5) has a very strong and penetrating activity against S. typhimurium 
(Gram negative) organism (MIC = 3.125 ng/ml) than the reference ciprofloxacin 
(MIC = 12.5 |ig/ml) or against S. aureus (Gram positive) organism (MIC = 6.25 
|ig/ml) than the reference ciprofloxacin (MIC = 12.5 |ig/ml). The complexes (1 & 2) 
have a weak effect under the given experimental conditions while the complex (3) is 
inactive. The microbial activities against bacterial and fungal stains were found 
concentration dependent i.e. increase with increasing concentration of the complexes 
under test. The biocidal function of these compounds therefore, can be described in 
terms of the chelation theory. 
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Table 2A. 1: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the [Fe(dipic)(4-picoline)]CI (1) complex. 
Abundance (%) Fragments m/z 
100 
15 
20 
70 
10 
10 
10 
15 
12 
(Where M = [Fe(dipic)(4-picoline)] = 314.0, M + CI = 349.0, Bz, = 136, Bz2= 137 
Bz3=154Bz4 = 289Bz5=307 
Table 2A. 2: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the [Ni(dipic)(4-picoline)] (3) complex . 
Abundance (%) Fragments m/z 
io [M+2Hf 3T8 
[M+Cl +4H]^ 
[M-CH3+2H]* 
[M+H]^ 
[M+Cl-CH3-3Hf 
[M+Cl -C6H7N] 
[M+Bz,+3H]^ 
[M-CH3+Bz3]^ 
[M-CH3+2H+Bz,]^ 
[M+Cl -CeHyN+Bzj-H]^ 
353 
315 
331 
256 
453 
437 
410 
5 [M-CSHTN-H]^ 222 
10 [C7H3N04+Hr 168 
10 [M-CH3+2H]^ 303 
(Where M = [Ni(dipic)(4-picoline)] =316.0, Bzi = 136, Bz2= 137 Bz3= 154 Bz4 = 
289 BZ5 = 307) 
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Table 2A. 3: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the [Cu(dipic)(4-pico]ine)] (5) complex. 
Abundance(%) 
_ 
80 
10 
100 
15 
40 
10 
10 
30 
15 
(Where M = [Cu(dipic)(4-picoline)] = 321.0, Bzi = 136, Bz2 = 137 Bzs = 154 BZ4 = 
289BZ5 = 307) 
Table 2A. 4 . Magnetic moments (jiefrB.M.), and ligand field (d-d) spectra of the 
complexes with their assignments. 
Fragments 
[M+H]* 
[M-C6H7N+2H]^ 
[M-CeHyN]^  
[C6H7N+H]* 
[C6H7N-CH3]^ 
[C6H7N+Bz2+Hf 
[M-CHs]^ 
[M-CH3+2H]^ 
[M+Bzi +H]* 
[M+BZ5 +2H]^ 
m/z 
322 
230 
228 
94 
78 
231 
306 
308 
458 
630 
Compounds ^eff Band Position (s)' Band Assignments 
[Fe(dipic) (4-picoline)]Cl(l) 6.0 20.000(238) 
19,000(150) 
% , ' E ( G ) < - % 
[Co(dipic) (4-picoiine)] (2) 3.9 15,408(176) 
9852(735) 
[Ni(dipic) (4-picoline)] (3) 3.2 
[Cu(dipic) (4-picoline)] (5) 1.73 
13333..33(435) 
9345.79(841) 
10846(690) 
12470(700) 
' T , ( P ) < - ' T , 
'A2^% 
^B2<r-% 
'E^% 
a = molar extinction coefficient (LmoT cm ) 
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Table 2A. 5. Crystal and experimental data 
Empirical formula 
Formula weight 
Temperature 
Crystal system 
Wavelength 
Space group 
Unit cell dimensions 
V 
z 
Absorption coefficient 
Crstal size, color 
F(OOO) 
6 Range for data collection 
Final R indices [1273 refs l>2a(I)] 
Reflection collected 
Diffractometer 
Program system 
Structure determination 
Refinement 
CCDC deposition number 
C39H30CU3N6O,2 
965.31 
293(2)K 
Monoclinic 
0.71073 A 
C2/C 
a = 20.945(5)A, a = 90°, 
b=14.358(5)A, p= 113.356(7)° 
c= 12.976(4) A Y = 90° 
3582(2)A^ 
4 
1.790 Mg/m^ 
1.844 mm"' 
0.1 X 0.1 xO.lmm^blue 
1956 
2.12to28.38° 
Ri = 0.0937, Q)R2= 0.2363 
11677 
BRUKER SMART APEX CCD 
SHELXL-97 
SHELXS-97 
Full matrix least 
687578 
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Table 2A. 6.Selected atomic parameters and equivalent isotropic thermal parameters 
Atoms 
Cul 
Cu2 
CI 
C7 
Ol 
02 
03 
04 
Nl 
N2 
N3 
X 
0.16680(6) 
0.0000 
0.2846(5) 
0.0480(5) 
0.2690(3) 
0.3413(3)" 
0.0642(3) 
-0.0083(3) 
0.1673(4) 
0.1661(4) 
0.0000 
Y 
0.18794(9) 
0.31214(13) 
0.2928(9) 
0.2960(10) 
0.2090(6) 
0.3275(5) 
0.2086(6) 
0.3273(5) 
0.3174(5) 
0.0554(7) 
0.1801(10) 
Z 
0.08346(11) 
0.2500 
0.1189(7) 
0.0468(7) 
0.1223(5) 
0.1257(6) 
0.0441(5) 
0.0415(5) 
0.0834(6) 
0.0818(7) 
0.2500 
Beq(A) 
0.0483(5) 
0.0458(6) 
0.051(3) 
0.056(4) 
0.050(2) 
0.054(2) 
0.050(2) 
0.055(2) 
0.044(2) 
0.056(3) 
0.058(4) 
Table. 2A. 7. Selected bond distances (A) and angles (°). 
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Bond distances 
Cu(l)-N(l) 
Cu(l)-N(2) 
Cu(l)-0(1) 
Cu(])-0(3) 
C(I)-0(1) 
C(7)-0(3) 
C(l)-0(2) 
C(7)-0(4) 
C(12)-N(2) 
C(8)-N(2) 
Bond Angles 
N(l)-Cu(l)-N(2) 
N(l ) -Cu( l ) -0(1) 
N( l ) -Cu( l ) -0(3) 
N(3) - Cu(2) - N(4) 
N(3)-Cu(2)-0(5) 
N(3) - Cu(2) - 0(5)A 
N(4) - Cu(2) - 0(5) 
1.859(8) 
1.903(10) 
2.017(7) 
2.024(6) 
1.252(13) 
1.305(13) 
1.258(11) 
1.238(13) 
1.397(14) 
1.344(12) 
179.4(4) 
81.1(3) 
81.9(4) 
180.0(2) 
81.1(3) 
81.1(3) 
98.9(3) 
Cu(2) - N(3) 
Cu(2) - N(4) 
Cu(2) - 0(5) 
Cu(2) - 0(5)A 
C(14)-0(5) 
C(14)-0(5)A 
C(14)-C(5) 
C(14)-0(6) 
C(18)-N(4) 
C(18)A-N(4) 
N(2)-Cu(l)-
N(2) -Cu( l ) -
0 ( 3 ) - C u ( l ) -
0(5) - Cu (2) -
0(1) 
0(3) 
0(1) 
0(5)A 
1.895(14) 
1.899(14) 
2.019(14) 
2.019(14) 
1.288(13) 
1.288(13) 
1.502(16) 
1.223(12) 
1.351(13) 
1.351(13) 
98.9(4) 
98.1(4) 
163.0(3) 
162.1(5)2 
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Table 2 A. 8: Important computed bond lengths (A°) and bond angles of complexes. 
Complexes 
1 
2 
3 
5 
M-NpDA 
1.87 
1.86 
1.86 
1.86 
M-Npic„ 
1.846 
1.846 
1.846 
1.846 
M-O 
1.810 
1.820 
1.810 
1.810 
NpDA-M-Npico 
109.470 
109.470 
109.470 
109.470 
NpDA-M-0 
104.504 
104.504 
104.504 
104.504 
Npico-M-0 
118.452 
118.452 
118.452 
118.452 
(where PDA = pyridine-2,6-dicarboxylic acid and pico = 4-picoline) 
Table 2A. 9: Zones of inhibition (mm) 
Complexes 
Cone. (|ig/ml) 
1 
2 
3 
4 
5 
E. coli 
1 
12 
8 
0 
10 
0 
100 
0 
0 
0 
0 
0 
Bacillus 
subtilis 
1 
9 
0 
0 
29 
29 
100 
0 
11 
0 
0 
0 
Staphyl 
aureus 
1 
7 
5 
0 
16 
15 
lococeus 
100 
0 
0 
0 
11 
10 
Solmonella 
typhimurium 
1 100 
8 0 
7 0 
0 0 
11 0 
0 0 
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Table 2A. 10: MIC values: 
Complexes 
1 
2 
3 
4 
5 
Standard 
Escherichia 
MIC 
6.25 
6.25 
0 
12.5 
0 
12.5 
coli Bacillus 
MIC 
6.25 
0 
0 
6.25 
12.5 
12.5 
subtilis staphylococeus 
aureus 
MIC 
6.25 
12.5 
0 
6.25 
6.25 
12.5 
Solmonella 
typhimurium 
MIC 
12.5 
6.25 
0 
12.5 
0 
12.5 
Table 2A. 11: Zones of inhibition (mm) 
Complexes 
1 
2 
3 
4 
5 
Candida albicans 
11 
9 
0 
13 
0 
Aspergillus 
fumingatus 
10 
7 
0 
13 
11 
Penicillium 
mameffei 
12 
11 
0 
9 
14 
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Table 2A: 12: MIC values: 
Complex es 
d 
2 
3 
4 
5 
Standard 
Candida albicans 
MIC 
6.25 
12.5 
0 
6.25 
0 
6.25 
Aspergillus 
fumingatus 
MIC 
12.5 
6.25 
0 
6.25 
6.25 
6.25 
Penicillium 
mameffei 
MIC 
6.25 
12.5 
0 
12.5 
0 
6.25 
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r ^ ^ ^ 
O 
^ ^ 
o 
^ = ^ 
CH, 
Figure 2A. 1. Chemical structure of the title complex [Cu(dipic)(4-picoline)] 
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I 
C4 
C5 ' C3 
04 ' a^ I 
^ - C7 . N1 X - ^ 02 
,1—I—i';^  
r^f r i l l ^ ' 
' l Cul 
C8 M N2 
°^A' 
C12 
C11 
C10 
C13' 
k- C17 
^ t i -Tc ie — C16A 
06 C15 ^ - C15A 
/f.. - N3 "^ 
I Cu2 , ( 
'C14 C14A 
05A 
/LN4 
— C20 
' C21 
(a) (b) 
Figure 2A. 2. Molecular structure of [Cu (PDA) (4-picoline)]. 
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Figure 2A. 3. Molecular packing. Molecules pack in a parallel head-to-tail Fashion. 
Hydrogen atoms are omitted for clarity. 
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11+ 
• =c 
• =H 
• - N 
• =o 
• = Co. Ni. Cn or Fe 
n = 0. for Co. Ni. Cu 
u = i. for Fe 
»2+ Figure 2A. 4 ; Perspective coordination geometry around M ion in 
[M(dipic)(4-picoline)]"^; n - 1 (M = Fe), n = 0 (M = Co, Ni or Cu). 
2B:- Reactions of transition metal salts with the 
condensation product obtained from reaction of 
pyridine-2,6-dicarboxylic acid and 3-amino-1-
propanol: Isolation of stable solid complexes 
MLXn (L = pyridine-2,6-dicarboxylic acid-bis-
(3-hydroxy-propyl)amide; n = 1, X = SO4, M = 
Cu; n = 2, X = CI, M = Mn, Co, Ni, Cu, Zn or 
Cd; n = 3, X = CI, M = Cr or Fe). 
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EXPERIMENTAL 
Materials:-
The metal salts viz. anhydrous chromiuin(III) chloride, anhydrous iron(III) 
chloride (both C. D. H., India), maganese(II) chloride tetraahydrate, cobalt(II) 
chloride hexahydrate, nickel(Il) chloride hexahydrate, copper(II) chloride dihydrate, 
anhydrous zinc(II) chloride, cadmium(II) chloride dihydrate (all B. D. H. India), 
were used as received. The reagents pyridine-2,6-dicarboxylic acid, 4-Picoline and, 
3-amino-l-propanol (all E. Merck, Germany) were commercially pure samples used 
as received. Solvents like ethanol were purified while acetone, dichloromethane, 
ether, chloroform, n-hexane, tetrahydrofuran, acetonitrile and dimethylsulphoxide 
(all s. d. fine, L R grade) were used without further purification. 
Instrumentation:-
FT-IR spectra of compounds were recorded as KBr disc on Perkin Elmer 
Model spectrum GX spectrophotometer. ' H - N M R spectrum was recorded for the 
solutions of the compounds dissolved in de-DMSO were recorded on a Brucker 
DRC-300 spectrometer using SiMe4 (TMS) as external standard. Electronic spectra 
and conductivities of lO''' M solution in water were recorded on a Cintra-5GBS 
UV-Visible spectrophotometer and Systronics-305 digital conductivity bridge, 
respectively, at room temperature. X-band EPR spectrum of polycrystalline samples 
were recorded at room temperature (RT) as well as liquid nitrogen temperature 
(LNT). Results of the Microanalyses were obtained from Micro-Analytical 
Laboratory of Central Drug Research Institute (CDRI), Lucknow, INDIA. 
Crystallographic data collection: 
Single-crystal X-ray diffraction was performed on a BRUKER SMART 
1000 CCD diffractometer equipped with a graphite crystal monochromator situated 
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in the incident beam for data collection. The structure was solved by direct methods 
(SHELXS-97) and refined against F^  using the SHELXL-97 software. The single X-
ray crystal structure of complex was recorded at IIT, Kanpur, INDIA. 
SYNTHESES OF THE COMPLEXES 
Reactions of transition metal salts with the condensation product derived from 
pyridine-2,6-dicarboxyiic acid and 3-amino-l-propanol: Synthesis and 
characterization of metal complexes of N,N'-bis-(3-hydroxy-propyl)-
isophthalamide, MLXn (L = pyridine-2,6-dicarboxyIic acid-bis-(3-hydroxy-
propyl)amide; n = 1, X = SO4, M = Cu; n = 2, X = Ci, M = Mn, Co, Ni, Cu, Zn 
or Cd; n = 3, X = CI, M = Cr or Fe). 
First Step: Condensation reaction of pyridine-2,6-dicarboxylic acid and 3-amino-l-
propanol under reflux in 1:2 mole ratio:- Ethanolic solution of pyridine-2,6-
dicarboxylic acid (S.Ommol, 0.835g) was reacted with 3-amino-l-propanol 
(lO.OmmoI, 0.76ml) with stirring at room temperature, then refluxed for 5h. The 
reaction mixture was evaporated under vaccum (<50°C) which gave a thick oily 
mass. 
FT-IR (neat) 3450b(OH), 3350sb(NH), 1620-1490sb, and 1300s (amide I, II and 
III). 
'H-NMR (d6-DMS0, 5ppm) 8.5-8.3m (pyridine rings), 3.5-3.4t, 2.97-2.91t and 1.8-
1.72t (skeleton CH2), 7.3-6.9b(CONH), 8.8b(OH) protons resonance signals. 
Second Step: 
Synthesis of [CrLClJCb (6): 
The oily mass was diluted in 5mL ethanol and then dropped to an ethanolic 
solution of CrCl3.6H20 (5.0mmol, 1.332g) with stirring at room temperature. This 
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has produced a pinkish grey colour precipitate. The pinkish grey coloured mass was 
filtered off, washed with ethanol and dried under vacuum. [(6)Pinkish grey colour, 
m.p. >350°d, yield 0.250 g]. 
Anal. Calcd. for Ci3H,9Cl2CoN304: C, 35.6; H, 4.2; N, 9.7. Found for (6): C, 35.4; 
H, 4.32; N, 9.55. Molar Conductance, Am (in water): 240 ohm''cm^mole"'. 
FT-IR (as KBr discs, cm '^) 3418b(OH),3236w(NH), 1690s, 1478s, 1280s (Amide I, 
II, III), 438m(M - N) 1603s (C=N), 1442s, 770s, 721s (C=C) pyridine ring 
stretching vibration.. 
Synthesis of [FeLCIJCIz (7): 
Here the procedure was slightly modified from that described above for the 
preparation of the complex (6) as following: 
A mixture of pyridine-2,6-dicarboxylic acid (S.Ommol, 0.835g) and 3-
amino-1-propanol (lO.Ommol, 0.76ml) in 50mL ethanol was refluxed for ca. 6h. The 
reaction mixture was cooled to room temperature then ethanolic solution of FeCb 
(5.0mmol, 0.81 Ig) was added dropwise. This has resulted in an immediate formation 
of brown precipitate. Stirring was continued for 2h at room temperature to get a 
quantitative yield. The brownish mass was filtered off, washed with ethanol and 
dried under vacuum. [(7) brown colour, m.p. >350°d, yield 0.340 g]. 
Anal. Calcd. for C13H19 Cl3FeN304: C, 38.12; H, 4.29; N, 10.2 Found for 
(7): C, 38.07; H, 4.28; N, 10.3. Molar Conductance, Am (in water): 255 ohm'' 
cm^mole''. 
FT-IR (as KBr discs, cm') 3220w(NH), 3418b(OH), 1680w, 1475m, 1279s (Amide 
I, II, III), 431m(M - N), 1600s (C=N), 1439s, 770s, 724s (C=C) pyridine ring 
stretching vibration.. 
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Synthesis of [MnLClJCI (8): 
It was prepared in the same manner as described for (7) above. The ethanolic 
solution of MnCl2 .4H2O (S.Ommol, 0.989g) was reacted with the condensation 
product of pyridine-2,6-dicarboxylic acid and 3-amino-l-propanol in ethanol. This 
has produced light colour precipitate. Stirring was continued for 2h at room 
temperature to get a quantitative yield. The mass was filtered off, washed with 
ethanol and dried under vacuum. [(3) whitish colour, m.p. >350°d, yield 0.250 g]. 
Anal. Calcd. for Ci3Hi9Cl2MnN304:: C, 38.6; H, 4.7; N, 10.2 Found for (8): 
C, 38.3; H, 4.6; N, 10.3. Molar Conductance, Am (in water): 120 ohm"'cm^mole''. 
FT-IR (as KBr discs, cm '^) 3220(NH), 3500(OH), 1670s, 1471m, 1272s (Amide I, 
II, III), 437m(M - N), 1605s (C=N), 1442s, 773s, 724s (C=C) pyridine ring 
stretching vibration.. 
Synthesis of [CoLCIJCI (9): 
An ethanolic solution of pyridine-2,6-dicarboxyIic acid (5.0mmol, 
0.835g) was refluxed with 3-amino-l-propanol (10.0 mmol, 0.76ml) with stirring 
for 5h, cooled at room temperature and then reacted with ethanolic solution of 
C0CI2.6H2O (S.Ommol, 1.189g) with stirring this has resulted in blue colour 
precipitate. Stirring was continued for 2h at room temperature to get a quantitative 
yield. The pinkish grey coloured mass was filtered off, washed with ethanol and 
dried under vacuum. [(9)Blue colour, m.p. >350°d, yield 0.250 g]. 
Anal. Calcd. for C13H19CI2C0N3O4:: C, 37.9; H, 4.62; N, 10.2 Found for(9): 
C, 37.6; H, 4.61; N, 10.1. Molar Conductance, Am (in water): 110 ohm"'cm^mole''. 
FT-IR (as KBr discs, cm'') 3225w(NH), 3448b(OH), 1675s, 1450w, 1285s(Amide I, 
II, III), 428m(M - N), 1604s (C=N), 1438s, 773s, 720s (C=C) pyridine ring 
stretching vibration.. 
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Synthesis of [NiLClJCl (10): 
The complex was prepared in an analogous manner using NiCl2.6H20 
(S.Ommol, 1.188g). Stirring was continued for 2h at room temperature to get a 
quantitative yield. The green mass was filtered off, washed with ethanol and dried 
under vacuum. [(10) green colour, m.p. >350°d, yield 0.310 g]. 
Anal. Calcd. for C,3H,9 Cl3NiN304:: C, 37.9; H, 4.63; N, 10.2 Found for 
(10): C, 37.8; H, 4.61; N, 10.1. Molar Conductance, Am (in water): 116 ohm" 
'cm^mole''. 
FT-IR (as KBr discs, cm'') 3245(NH), 3435m(OH), 1670w, 1450s, 1279s (Amide I, 
II, III), 435m(M - N), 1605s (C=N), 1442s, 773s, 724s (C=C) pyridine ring 
stretching vibration.. 
Synthesis of [ZnLCIJCl (11): 
A similar procedure was follow for the preparation of the complex. The 
ethanolic solution of ZnC^ (5.0mmol, 0.6814g) was added dropwise the 
condensation product of the pyridine-2,6-dicarboxylic acid and 3-amino-l-propanol. 
This has resulted in an immediate formation of colourless precipitate. Stirring was 
continued for 2h at room temperature to get a quantitative yield. The colourless mass 
was filtered off, washed with ethanol and dried under vacuum, [(ll)white colour, 
m.p. >340°d, yield 0.320 g]. 
Anal. Calcd. For Ci3H,9Cl2ZnN304 : C, 37.37; H, 4.52; N, 10.06. Found for 
(11): C, 37.20; H, 4.45; N, 10.1 Molar Conductance, Am (in water): 100.7 ohm' 
'cm^mole''. 
FT-IR (as KBr discs, cm"') 3225w(NH), 3438b(OH), 1670s, 1495s, 1240s(Amide I, 
II, III), 436m(M - N), 1604s (C=N), 1445s, 773s, 724s (C=C) pyridine ring 
stretching vibration.. 
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Synthesis of [CdLCI]Cl (12): 
An ethanolic solution of pyridine-2,6-dicarboxylic acid (S.Ommoi, 
0.8356g) was refluxed acted with 3-amino-l-propanol (lO.OmmoI, 0.76ml) with 
stirring for 5h, cooled at room temperature and then reacted with ethanolic solution 
of CdCl2.H2O(5.0mmol, 1.006g) with stirring this has resulted in colourless 
precipitate. Stirring was continued for 2h at room temperature to get a quantitative 
yield. The colourless mass was filtered off, washed with ethanol and dried under 
vacuum. [(12)white colour, m.p. >340°d, yield 0.320 g]. 
Anal. Calcd. For Ci3Hi9Cl2CdN304 : C, 33.9; H, 4.09; N, 7.75. Found for 
(12): C, 33.20; H, 4.00; N, 7.60 Molar Conductance, Am (in water): 114 ohm' 
'cm^mole'. 
FT-IR (as KBr discs, cm"') 3225w(NH), 3438b(OH), 1670s, 1495s, 1240s(Amide I, 
11, III), 436m(M - N), 1606s (C=N), 1442s, 770s, 724s (C=C) pyridine ring 
stretching vibration.. 
Synthesis of [CuLCIjCl (13) and [Cu(dipic)2][NH3(CH2)30H]2.1/2H20 (14): 
An ethanolic solution of pyridine-2,6-dicarboxylic acid (5.0mmol, 0.835g) 
was refluxed with 3-amino-l-propanol (10.0 mmol, 0.761ml) for 5h. The reaction 
mixture was cooled to room temperature then ethanolic solution of CUCI2.2H2O 
(5.0mmol, 0.852g) was added which produced blue colour precipitate. Stirring was 
continued for 2h at room temperature to get a quantitative yield. The blue coloured 
mass was filtered off, washed with ethanol and dried under vacuum. [(13)Blue 
colour, m.p. 240°d, yield 0.320 g]. 
Anal. Calcd. for CnHi? C!2CuN304: C, 37.5; H, 4.57; N, 8.66. Found for 
(13): C, 37.3; H, 4.55; N, 8.50, which indicates the stoichiometry [CuLCiJCl 
(13)Molar Conductance, Am (in water); 108 ohn\''cm^mole"'. 
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FT-IR (as KBr discs, cm'') 3230w(NH), 3433b(OH), 1680s, 1471s, 1266s (Amide I, 
11, 111), 1605s (C=N), 1442s, 773s, 724s (C=C) pyridine ring stretching vibration. 
It is noteworthy that in the present case slow evaporation of the mother 
liquor in air, afforded beautiful needle shaped well defined blue colour crystals, 
suitable for X-ray studies. [(14)Blue colour, m.p. >286°d, yield 0.20Ig]. The 
physical appearance, melting point and analytical data of the crystals were entirely 
different from that of the amorphous product (13) obtained above as immediate 
product. The observed analytical data of of the blue crystals were very close to fit 
with the molecular formula indicated by the X-ray crystallographic analysis which is 
CU4C80 H108N16O42 for the unit cell. 
Anal. Calcd. for CU4C80 H108N16O42: C, 43.24; H, 4.86; N, 10.09. Found for 
(14): C, 43.20; H, 4.67; N, 10.10. 
FT-IR (as KBr discs, cm"'): 3058b (NH), 1648s, 1530s, 1273s (Amide I, 11, III), 
1605s (C=N), 1442w, 773m, 724s (C=C) pyridine ring stretching vibration. 
Synthesis of [CULSO4] (15): 
It was prepared in the same manner as above. The aqueous solution of 
CUSO4 (5.0mmol, 1.248g) was reacted with the condensation product of the 
pyridine-2,6-dicarboxylic acid (5.0mmol, 0.835g) and 3-amino-l-propanol (10.0 
mmol, 0.761ml). This has produced blue colour precipitate. Stirring was continued 
for 2h at room temperature to get a quantitative yield. The blue coloured amorphous 
mass was filtered off, washed with water and dried under vacuum. [(15)Blue colour, 
m.p. >240°d, yield 0.320 g]. 
Anal. Calcd. For C13H19 SO4CUN3O4 : C, 35.4; H, 4.31; N, 9.53. Found for 
(15): C, 35.3; H, 4.30; N, 9.20. 
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FT-IR (as KBr discs, cm-') 3240w(NH), 3471b(OH), 1685s, 1471m, 1268m(Amide 
I, II, III), (M - N), 1600w (C=N), 1440s, 773m, 724s (C=C) pyridine ring stretching 
vibration.. 
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RESULTS AND DISCUSSION 
The novel series of complexes MLCI3 [M = Cr(6) or Fe(7)], MLCI2 [M = 
Mn(8), Co(9) Ni(lO), Zn(n), Cd(12) and Cu(13)] and CuLS04(15) (where L = 
pyridine-2,6-dicarboxylic acid-bis-(3-hydroxy-propyl)amide) have been obtained 
employing the reaction of the metals salts with the condensation product of pyridine-
2,6-dicarboxylic acid and 3-amino-l-propanol. It has been reported [23] that 
picolininic acid (pyridine-2-carboxylic acid) and 3-amino-l-propanol under reflux 
condition follows a condensation reactions between carboxylic acid (-COOH) and 
the amine (-NH2) groups. The in-situ reaction of the resulting condensation product 
with CUSO4.H2O produces the complex, N-picolinoyl-1,3-
propanolaminatocopper(II) dihydrate. The present condensation reaction of the 
dipicolinic acid with 3-amino-l-propanol has finally afforded an oily mass after 
removal of the solvent etc.. The spectroscopic characterization (FT-IR and 'H-
NMR) of the oily mass has confirmed the presence of amide group (-CONH), 
hydroxyl group (OH) and pyridine ring along with the (-CH2)3 skeleton in the 
resulting moiety formulated as pyridine-2,6-dicarboxylic acid-bis-(3-hydroxy-
propyl)amide, (i.e. L) [lUPAC nomenclature]. Reaction of either the oil or the in-
situ reactions of the condensation product with metal salts have afforded coloured 
stable solid complexes [Experimental Section]. The physico-chemical and 
spectroscopic investigation discussed below suggest that the complexes have the 
stoichiometrics as [MLClJCb [M = Cr(6) or Fe(7)], [MLC1]C1 [M = Mn(8), Co(9) 
Ni(lO), Zn(ll), Cd(12) and Cu(13) and [CuLS04](15). The scheme of the formation 
of the products has been indicated in Figure 2B. 1. 
The mother liquor after isolation of the complex (13) has afforded beautiful 
blue colour needles shaped crystals of a new product (14), which was stable in air 
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and suitable for single crystal X-ray structural studies. The melting point, analytical 
and the spectroscopic data of the immediate product (13) and that of the crystals (14) 
were entirely different. The structural data for (14) have been discussed in this 
chapter. 
Analytical data, conductivity and FAB-mass spectral studies: 
The analytical data for the complex (6 - 13) are consistent with the 
molecular formulae C13H19CI3MN3O4 [M = Cr(6) or Fe(7)] and C,3Hi9Cl2MN304 
[M = Mn(8), Co(9), Ni(lO), Zn(ll), Cd(12) and Cu(13)] compatible with the 
stoichiometry [MLCI3], and [MLCI2], respectively. The analytical data for the 
complex (15) indicate its stoichiometry as CULSO4. However, the analytical data for 
the complex (14), obtained as blue colour crystals from the mother liquor are 
consistent with the stoichiometry as [Cu(dipic)2][NH3(CH2)30H]2.1/2H20. The 
molecular formulae of the complexes (9), (10), (14) and (15) were further verified 
from the FAB-mass spectral studies. 
The molar conductivities (Am) of lO'^ M aqueous solution of the complexes 
(6, 7 and 14) are comparable to that of a 1:2 electrolyte [41], where as for the 
complexes (8-13) the measured conductivities (Am) indicate a 1:1 electrolytic nature 
of these complexes in water. However the complex (15) does not ionize behaving as 
a non electrolyte in the water. The conductivity data therefore confirm the 
stoichiometry of the complexes as [MLCIJCb [M = Cr(6) or Fe(7)], [MLCIJCI [M = 
Mn(8), Co(9) Ni(lO), Zn(ll), Cd(12) and Cu(13) and [CuLS04](15). 
The FAB-mass spectra of the complexes [CoLClJCl (9), [NiLCl]Cl(10) and 
[CuLS04](15) exhibited the molecular ion peaks [CoLCb+H]'' m/z = 411 at (20% 
abundance), [NiLCb+H]^ m/z = 412 at (25% abundance), [CuLS04+H]^ m/z = 441 
at (35% abundance), along with peaks characteristic of the stepwise cleavage of the 
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counter CI'as well as the substituents of the ligand, L moiety. The addition products 
of the fragmentation species with the matrix fragments (Bzi = 136, Bz2= 137, Bz3 = 
154 and Bz4 = 289) were also observed summarized in Table 2B. 1-3 .The present 
FAB-mass data therefore ascertained the formation of the complexes with the 
stoichiometry as indicated above. 
The FAB-mass spectrum of the crystals of the complex (14) exhibited strong 
peak (65% abundance) at m/z = 555 consistent with the molecular ion 
[Cu(dipic)2NH3(CH2)30H.l/2H20]'". The additional peaks observed at m/z = 546 
(15%abundance), m/z = 375 (40%abundance), and m/z = 367 (20%abundance) are 
assignable to the fragments or species, [Cu(dipic)2(NH3(CH2)30H)2]\ 
[Cu(dipic)2(NH2)(CH2)30H]'^ and [Cu(dipic)2+Bzi+3H]"^ respectively as summarized 
in Table 2B. 4. 
Infrared spectra 
The FT-IR spectra of the complexes show bands in the regions 1670 - 1720 
cm', 1450 - 1520 cm', 1240 - 1285 cm"', which may be assigned to [26] amide I, 
amide II and amide III, characteristic vibrations, respectively. The appearance of a 
broad absorption band in 3400-3500cm'' region is probably due to the presence of a 
hydroxyl group in the moiety. However, the concomitant disappearance of stretching 
frequencies characteristic of COOH group confirm the condensation process 
between the pyridine-2,6-dicarboxylic acid and 3-amino-l-propanol. The appearance 
of medium intensity bands at -900 and 410 cm-' are assignable to (M-0) and (M-
N) bond stretching frequencies. 
Magnetic moment, EPR and electronic (ligand field) spectral studies:-
The observed magnetic moment of the complex [CrLCl)]Cl2 (6) (Meff= 3.9 
BM) is in the range reported for [28] the hexacordinate Cr(lll) complex having three 
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unpaired electron on the metal ion with ^^2% ground state electronic configuration. 
The ligand field (d-d) spectrum of the complex exhibited two absorption bands 
[Table 2B. 5] which are reasonably assigned [28] to the spin-allowed transitions 
from the ground '*A2g energy level to the next higher energy states. 
The observed magnetic moment of the complexes [FeLCl)]Cl2 (7) and 
[MnLCl)]Cl (8) (|JefT~ 6.2 BM) are consistent with the high spin-state of the metal 
ion with ^Aig ground electronic configuration. The ligand field electronic spectra 
show weak intensity absorption bands in the 18,500-25,000 cm'' region. The weak 
intensity of the absorption band is due to the fact that the next higher energy levels 
belong to the ''G and ^T> free ions terms i.e. with different spin states. The expected 
electronic transitions [Table 2B. 5] are spin forbidden in nature henceforth have low 
probability. The position of the bands with expected assignments are shown in Table 
2B.5. 
The magnetic moment for the complex [CoLCl)]Cl (9) (H€fr= 4.8 BM) is in 
the range reported [28] for high-spin state configuration (i.e. d^ , t2g^  ,eg^  or '*Tig) in 
six coordinate octahedral geometry around Co^* ion containing three unpaired 
electrons. The electronic spectrum of the complex (9) exhibited three absorption 
bands in the visible region i.e 9852, 15,408, and 19,500 cm"' assignable to the spin 
allowed transition (Table 2B. 5) from the '^ Tig ground electronic energy level in the 
octahedral environment of the ligand. 
The observed magnetic moment of the complex [NiLCI)]CI (10) (peff = 3.3 
BM) is consistent with two unpaired electron in the metal ion [28]. The position 
with probable assignments of the bands observed in the ligand field spectrum have 
been summarized in Table 2B. 5. 
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The electronic spectra for the complexes (13 and 14) for the d-d transition 
exhibited two absorption bands in the 16,500-17,000 and 18,700-19,600 cm"' 
0 0 ") 0 
regions assignable to the B2g<- Big and Eg-(- Big transitions respectively [42].The 
splitting of the allowed d-d transition is due to Jahn-Teller tetragonal distortion in 
the coordination geometry. 
The presence of the tetragonal distortion in the geometry of the complex (14) 
has also been reflected in the X-band EPR spectrum of the complexes recorded at 
room temperature (RT). The X-band EPR spectra of (14) exhibit an 
anisotropic (gn = 2.29 & gi = 2.08) behaviuor. The observed gy > gx 
indicates the presence of an axial symmetry with ^Big (or dx^-y^) ground 
electronic state of the Cu(II) ion. The gn and gi values in axial symmetry 
with ^Big ground state [43] are given by the expressions: 
gll = 2 - 8K||' VE('B2g<-'B,g) 
gi = 2-2Kx'VE('Eg<- 'B,g) 
Where K is orbital reduction factor and "K is spin-orbital coupling constant of 
Cu^^ ion (A, = 829 cm"'). The parameter G, which measures the exchange 
coupling effects, is related to the experimentally observable quantities, gy, 
gx, Ki, K|| and energies of ligand field transitions by the following 
expressions: 
gl,-2 4K,|^  E(%g^2B,g) 
G = 
g x - 2 Kx' E(2Eg^2B,g) 
The evaluated magnitude of G has been used as a criterion for measuring the 
extent of exchange coupling effects on local Cu (II) environment in the complex. 
69 
The magnitude of G < 4.0 and Ki (0.997) > K|| (0.853) in the present bimetallic 
Cu(II) complex suggest the presence of a considerable exchange coupling [43-45]. 
X-ray crystal structure of complex (14). 
The structure of the complex (14) was solved by direct methods (SHELXS-
97) and refined against F^  using the SHELXL-97 software [33]. All the hydrogen 
atoms were treated in riding model with the equivalent thermal parameters of the 
atoms to which corresponding hydrogen atoms are bonded. The crystal data and the 
structure refinements are given in Table 2B. 6. The atomic coordinates and 
equivalent isotropic displacement parameters for the non-hydrogen atoms are listed 
in Table 2B. 7. Selected bond distances, angles are listed in Table 2B. 8. 
The ligand field and EPR spectroscopic data (vide-supra) suggest a distorted 
octahedral environment around the Cu(II) ion. The single X-ray structure analyses 
provide with interesting information about the complex (14). The ORTEP view 
(Figure 23. 2) of the molecules consist of two [Cu(dipic)]^" units counter balanced 
with four protonated 3-Amino-l-propanol [NH3(CH2)30H]* moieties. The 
ellipsoidal view (Figure 2B. 3) for the complex indicates that each monomeric 
[Cu(dipic)]^' unit has attained a distorted haxacoordinate geometry via (0,0',N) 
tridentate coordination from each (dipic)^' moiety. The important structural 
parameters i.e. bond length and bond angles shown in Table 2B. 8. The equatorial 
Cu-O bond are not all equal i.e. the d(Cul-Ol) = 2.082A°, is smaller than the 
d(Cul-06) = 2.272 A and also d(Cul-02) = 2.089 A smaller than the d(Cul-05) = 
2.261 A. Furthermore the axial bonds i.e. d(Cul-Nl) is approximately equal to the 
d(Cul-N2) with a difference of only 0.041 A. The observed bond angles (Table 23. 
8) suggest a gross distortion from the octahedral geometry. 
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The bond angles between the axial bonds to the equatorial bonds are away 
from that of the theoretically expected for the regular octahedral geometry. In the 
same manner the two equatorial bonds do not make the required angles and the 
expected 180° between the trans (O-Cu-0) is never observed. The packing diagram 
(Figure 2B. 4) shows that the individual units are arranged in discrete sites involving 
H-bonding and pi-pi (n-Tt) network interaction (figure 2B. 5) 
Molecular model computations for the optimum energy plots of tlie complexes: 
The molecular model calculations based on ACD-3D Inc. software [34] were 
performed to visualize the probable shapes or geometries acquired by the present 
complexes. The semi-empirical CSChem-3D ultra implementation of MOPAC 
[34,35] has been employed to solve the molecular structure and to get measurements 
for the various bond lengths and bond angles (calculated structural parameter) of the 
molecules. The important computed bond lengths and bond angles have been 
summarized in Table 2B. 9. The mechanical adjustments via augmented mechanical 
field were used to draw the optimized minimum energy plots (Figure 2B. 6-8) for 
the geometry of the metal complexes. The magnitudes of the computed bond angles 
for the complexes plotted for the six coordinate geometry around metal ions indicate 
the molecules adopt a octahedral geometry. 
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Table 2B. 1: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (9). 
Abundance (%) 
20 
28 
29 
35 
30 
100 
10 
20 
Complex 
[M+H]^ 
[M-Cl+H]* 
[M-2C1+H]^ 
[Co{NH3(CH2)30H}2Cl2] 
[Co{NH3(CH2)30H}2CI] 
[Co{NH3(CH2)30H}2] 
[CoL+Bz,+H]^ 
[C0L+BZ3+H]* 
m/z 
411 
376 
341 
280 
245 
210 
477 
495 
(Where M = [C0LCI2] =410.0, Bzi = 136, Bz2 = 137 BZ3 = 154 Bz4 = 289 Bzs = 
307) 
Table 2B. 2: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (10). 
Abundance (%) 
25 
20 
30 
30 
28 
70 
15 
25 
Complex 
[M+H]* 
[M-Cl+H]^ 
[M-2C1+H]^ 
[Ni{NH3(CH2)30H}2Cl2] 
[Ni{NH3(CH2)30H}2Cl] 
[Ni{NH3(CH2)30H}2] 
[NiL+Bz,+H]^ 
[NiL+Bz3+H]^ 
m/z 
412 
377 
342 
281 
246 
211 
478 
496 
(Where M = [NiLCb] = 411.0, Bz, = 136,Bz2= 137 BZ3 = 154 Bz4= 289 Bzs^  
307) 
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Table 2B. 3: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (15). 
Abundance (%) 
35 
25 
23 
40 
30 
20 
Complex 
[M+H]* 
[M-S04+H]^ 
[Cu{NH3(CH2)30H}2S04] 
[Cu{NH3(CH2)30H}2] 
[CuL+Bz,+H]^ 
[CuL+Bz3+H]* 
m/z 
441 
345 
311 
215 
480 
498 
(Where M = [CULSO4] = 440.0, Bzi = 136, Bz2 = 137 BZ3 = 154 BZ4 = 289 Bzs = 
307) 
Table 2B. 4: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (14). 
Abundance (%) 
65 
25 
45 
15 
20 
18 
Complex 
[M+H]* 
[CuL+H]^ 
[Cu(dipic){NH3(CH2)30H}2]^ 
[M-l/2H20f 
[Cu(dipic)+Bz,+3H]^ 
[Cu(dipic)+Bz3+3H]^ 
m/z 
556 
345 
380 
546 
367 
385 
(Where M = [Cu(dipic){NH3(CH2)30H}21/2H2O] = 555.0, Bz, = 136, Bz2= 137 
Bz3 = 154 Bz4 = 289 Bzj = 289 
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Table 2B. 5:. Magnetic moments (neff B.M.), and ligand field (d-d) spectra of the 
complexes with their assignments. 
Compounds [i^f, Band Position (E)" Band Assignments 
(6) 3.9 17,324(50) ^ ( F ) <-%g(F) 
24,225(40) ^,g(F)<-%g(F) 
(7) 6.0 19,500(21) ^ , ( G ) < - % g 
22.200(20) %(G)4^%^ 
23,100(23) %g,^Eg(G)<-%g 
(8) 6.2 18,560(20.08) ^,(G)<- 'A,g 
23,000(23.09) %(G)'^%^ 
24530(24.06 ) ^A,g,'Eg(G)<-*A,g) 
(9) 4.8 9852(11) % < - ' T , g 
15,408(18) %g<-'T,g 
19,500(17) %^(?)4r-X, 
(10) 8.2 10,000(18) %<- 'A2g 
12,586(13) 'Eg<-%g 
16,565(15) ' T , g - ( - X 
(13) 1.8 19,600(43) 'Eg<-'B,g 
17,000(42) %g<-^B,g 
(14) 1.7 18,700(44) 'Eg<-'B,g 
hg<- Big 16,500(42) 'B2g<-' , 
(15) 1.9 19,800(30) 'Eg<-2B,g 
a = molar extinction coefficient (M cm ) 
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Table 2B. 6: Crystal and experimental data 
Empirical formula 
Formula weight 
Temperature 
Crystal system 
Wavelength 
Space group 
Unit cell dimensions 
V 
z 
Dx 
Absorption coefficient 
Crstal size, color 
F(OOO) 
C80H108CU4N16O12 
2220 
293(2)K 
Monoclinic 
0.71073 A 
Co 
a = 17.247(5)A, 
b = 20.058(5)A, 
c = 15.320(4) A, 
5004(3)A^ 
2 
1.476 Mg/m^ 
0.945 mm"' 
0.1 xO.l xO.lmm^ 
2312 
a = 90 (5)°, 
p = 109.235(5)° 
y = 90 (5)° 
, blue 
e Range for data collection 2.40 to 28.30° 
Final R indices [l>2a(I)] Ri =0.0513, coR2=0.I186 
R indices (all data) 
Reflection collected 
Diffractometer 
Program system 
Structure determination 
Refinement 
CCDC No. 
Ri= 0.0643, coR2= 0.1564 
10555 
BRUKER SMART APEX CCD 
SHELXL-97 
SHELXS-97 
Full matrix least 
683321 
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Table 2B. 
Atoms 
Cul 
Cu2 
06 
05 
01 
02 
OlO 
Oil 
Nl 
N3 
N4 
7: Selected atomic parameters and equivalent isotropic thermal 
parameters. 
X 
0.88868(4) 
1.31782(4) 
0.9617(3) 
0.7818(3) 
0.8401(3) 
0.9667(2)-
1.4226(2) 
1.2154(2) 
0.9528(3) 
1.3692(3) 
1.2609(3) 
Y 
-0.00629(3) 
-0.02293(3) 
-0.0866(2) 
0.06473(19) 
-0.0802(2) 
0.0700(2) 
0.0362(2) 
-0.15788(19) 
0.0063(2) 
-0.0436(2) 
-0.0064(2) 
Z 
0.9335(4) 
0.85153(4) 
0.8903(3) 
0.9085(3) 
0.9957(3) 
0.9206(3) 
0.8843(3) 
0.9817(3) 
1.0612(3) 
0.9806(3) 
0.7207(3) 
Beq(A) 
0.01721(14) 
0.01792(14) 
0.0229(9) 
0.0207(8) 
0.0228(9) 
0.0194(8) 
0.0219(8) 
0.0211(8) 
0.0155(9) 
0.0190(9) 
0.0152(9) 
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Table 2B. 8: Selected bond distances (A) and angles (°) 
Bond distances 
C u ( l ) - N ( I ) 
Cu( l ) -N(2) 
Cu( ] ) -0 (1 ) 
C u ( l ) - 0 ( 2 ) 
C u ( l ) - 0 ( 5 ) 
C u ( l ) - 0 ( 6 ) 
C(14)-0(6) 
C(8) -0(5) 
C(28)-0(16) 
C(28)-0(14) 
Bond Angles 
N ( l ) - C u ( l ) - N ( 2 ) 
N ( I ) - C u ( l ) - 0 ( l ) 
N ( l ) - C u ( l ) - 0 ( 2 ) 
N ( l ) - C u ( l ) - 0 ( 1 ) 
N ( l ) - C u ( l ) - 0 ( 6 ) 
N ( l ) - C u ( l ) - 0 ( 5 ) 
0 ( 2 ) - C u ( l ) - 0 ( 5 ) 
0 ( l ) - C u ( l ) - 0 ( 5 ) 
0 ( 5 ) - C u ( l ) - 0 ( 6 ) 
1.923(5) 
1.964(5) 
2.082(4) 
2.089(4) 
2.261(4) 
2.272(4) 
1.262(7) 
1.258(7) 
1.271(7) 
1.264(7) 
178.3(2) 
79.02(19) 
80.06(19) 
100.26(18) 
101.65(17) 
104.60(16) 
92.17(15) 
88.52(15) 
153.74(16) 
Cu(2) - N(3) 
Cu(2) - N(4) 
Cu(2)-0(9) 
Cu(2)-O(10) 
Cu(2)-0(14) 
C(37) - 0(20) 
C(2)-C(7) 
C(8) -0(7) 
C(40)-O(17) 
C(22)-0(15) 
N(3) - Cu(2) - N(4) 
N(3) - Cu (2) - 0(9) 
N(4) - Cu (2) - 0(9) 
N(3) -Cu(2) -O(10) 
N(4) -Cu(2) -O(10) 
0 ( 9 ) - C u (2) -0(10) 
N ( 3 ) - C u ( 2 ) - 0 ( 1 4 ) 
N ( 4 ) - C u ( 2 ) - 0 ( 1 4 ) 
0 ( 9 ) - C u (2) -0(14) 
1.927 
1.949(5) 
2.115(4) 
2.136(4) 
2.240(4) 
1.416(8) 
1.279(8) 
1.239(7) 
1.434(7) 
1.246(7) 
176.4(2) 
79.68(19) 
96.77(18) 
78.87(18) 
104.67(17) 
158.52(16) 
101.76(17) 
77.72(18) 
90.21(15) 
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Table 2B. 9: Important computed bond lengths (A°) and bond angles (degree) of 
complexes. 
Complexes NPDA- CH2- M- M- M- NPDA-M-C1 NPDA- NPDA-
M CH2 NH CI OH M- M-
NPA OpA 
6 2.159 1.725 2.774 2.577 2.700 177.90 773 152.00 
7 2.143 1.725 2.774 2.577 2.600 177.90 77.3 152.00 
8 1.742 1.725 2.774 2.577 2.800 177.90 76.3 152.00 
9 1.742 1.745 2.774 2.577 2.800 177.90 76.8 152.00 
10 1.732 1.715 2.774 2.577 2.800 177.90 76.8 152.00 
11 1.742 1.725 2.774 2.577 2.800 177.90 77.3 152.00 
12 1.741 1.725 2.774 2.577 2.800 177.90 77.3 152.00 
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OH OH 3-Amino-l-propanol 
P>Tidine-2,6-dicarbox>'lic acid 
CUSO4 
•CI , CI 
•°'^lo)»— 
Figure 2B. 1. Scheme for the formation of the complexes [MLClJCln 
(n = 2, M = Fe or Cr); (n = 1, M = Mn, Co, Ni, Cu, Zn or 
Cd) and [CULSO4]. 
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Figure. 2B. 2: ORTEP view of the compound (14). Thermal ellipsoids are drawn 
at 50% of probability. 
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Figure 2B. 3: Ellipsoidal view of the complex. 
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Figure. 2B. 4: The packing of hydrogen-bonded chains in the crystal 
structure of [Cu(dipic)2][NH3(CH2)30H]2.1/2H20. 
Hydrogen bonds are shown as dashed Hnes. 
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Figure 2B. 5: A view of the n-n stacking with distances of 3.814(7)A in 
[Cu(dipic)2] [NH3(CH2)30H]2.1 /2H2O. 
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c 
H 
N 
0 
Figure 2B. 6 ; Perspective structure of the ligand, (L = pyridine-2,6-dicarboxylic 
acid- bis-(3-hydroxy-propyl)amide) 
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Figure 2B.7; Perspective coordination geometry around M^^  ion in [MLCl]Cl2 
(L = pyridine-2,6-dicarboxylic acid-bis-(3-hydroxy-propyl)amide) 
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• N 
^ M = Mii.Co,Ni,Cii,Zii or C<l 
• CI 
• 0 
Figure 2B. 8; Perspective coordination geometry around M ion in [MLCIJCI 
(L = pyridine-2,6-dicarboxylic acid-bis-(3-hydroxy-propyl)amide) 
2C:- Synthesis and characterization of the novel 
ligand, N-(3-hydroxy-propyl)-isopthalamic acid 
(L )^ and its complex with Cu(II) ion. 
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EXPERIMENTAL 
Materials:-
The metal salt copper(II) chloride dihydrate and the reagents pyridine-2,6-
dicarboxylic acid and 3-amino-l-propanol (all E. Merck, Germany) were 
commercially pure used as received. Solvents purified before used. 
Instrumentation :-
FT-IR spectra of compounds were recorded as KBr disc on Perkin Elmer 
Model spectrum GX spectrophotometer. ' H - and '^C-NMR spectra for the solutions 
of the compounds dissolved in de-DMSO were recorded on a Brucker DRC-300 
spectrometer using SiMe4 (TMS) as external standard. Electronic spectra and 
conductivities of 10"^  M solution in da-DMSO were recorded on a Cintra-5GBS 
UV-Visible spectrophotometer and Systronics-305 digital conductivity bridge, 
respectively, at room temperature. X-band EPR spectrum of polycrystalline samples 
were recorded at room temperature (RT) as well as liquid nitrogen temperature 
(LNT). Results of the Microanalyses were obtained from Micro-Analytical 
Laboratory of Central Drug Research Institute (CDRI), Lucknow, INDIA 
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Synthesis of compounds 
Synthesis of the ligand, N-(3-hydroxy-propyl)-isopthalamic acid (L*):-
Ethanolic solution of pyridine-2,6-dicarboxylic acid (S.Ommol, 0.835g) 
was reacted with 3-amino-l-propanoi (S.Ommol, 0.38ml) with stirring at room 
temperature, then refluxed for 5h. The reaction mixture was brought to room 
temperature, which provided a colourless crystalline solids. [(L') m.p. 150°d, yield 
1.0 g]. 
Anal. Calcd. for C,oHi2N204: C, 53.57; H, 5.35; N, 12.5. Found : C, 53.60; H, 5.72; 
N, 12.10. 
FT-IR (as KBr discs, cm '^) 3232w v(NH), 3462m v(OH), 1757sb v(COOH), 1680w, 
1458m, 1285s (Amide I, II, III), 1597s (C=N), 1439s, 766s, 724s (C=C) pyridine 
ring stretching vibration. 
The 'H-NMR spectrum of (L ') exhibited resonance signals at 8.71 Oppm 
(w,b) a doublet in 8.129-8.103ppm region (JH-H = 7.8cps), a triplet in region 8.035-
7.985ppm (JH-H = 7.5cps) at 6.629ppm (w,b), a triplet in 3.511-3.47Ippm region (Jhh 
= 7.05cps), a triplet in 2.962-2.914 region (Jhh = 7.2cps) and a multiplet in 1.808-
1.720 region (Jhh = 6.6cps). These resonance signals are assignable to -OH, pyridine 
ring (AB2 type), -NH and the skeleton -CH2 (-CM:H2, -N-CH2 and -C-CH2-C) 
protons in the ligand moiety. 
The '^ C-NMR spectrum of the compound (L*) contained number of signals 
arising from the '^ C resonances at 167.5ppm (COOH), 151.3ppm (-CONH), 
138.0ppm (C=N), 125.7ppm (-C-OH) and multiplets in 40.3, 40.1, 39.8, 39.5, 39.2, 
39.0 38.7ppm (C=C). The resonance signals due to the skeletal -CH2- resonances 
was observed at 36.3 and 30.3ppm 
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Synthesis of [CuL^Ch] (16) [L' = N-(3-hydroxy-propyI)-isopthalainic acid]: 
Ethanolic solution of CUCI2.2H2O (S.Ommol, 0.852g) was added to the 
ligand, N-(3-hydroxy-propyl)-isopthalamic acid (mmol, 5mniol) solution in 20mL 
etlianol which produced blue colour precipitate. Stirring was continued for 2h at 
room temperature to get a quantitative yield. The blue coloured mass was filtered 
off washed with ethanol and dried under vacuum. [(l)Blue colour, m.p. 255°d, yield 
0.120 g]. The recrystallization of the product produced micro-crystalline solid. 
Anal. Calcd. for C|oH,2CuN204: C, 33.47; H, 3.34; N, 7.810. Found For (1): 
C, 33.60; H, 3.31; N, 7.85. Molar Conductance, Am (in DMSO): 20 ohm-'cm^mole-' 
FT-IR (as KBr discs, cm '^) 3200w v (NH), 3418m v (OH), 1691m, 1460m, 1287 
(Amide 1, II, III), 435m v (M -N), 1607s (C=N), 1445s, 776s, 720s (C=C) pyridine 
ring stretching vibration. 
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Results and discussion 
The ligand L', N-(3-hydroxy-propyl)-isothalamic acid [lUPAC 
nomenclature] has been obtained employing the condensation reaction of pyridine-
2,6-dicarboxylic acid and 3-amino-l-propanol under reflux condition taken in 1:1 
mole ratio. The final product is a colourless microcrystalline solid and the scheme 
for its formation is shown in figure 2C. 1. 
It is interesting to note that the reaction of pyridine-2,6-dicarboxylic acid 
with 3-amino-l-propanol, when taken in 1:1 mole ratio has afforded a stable 
microcrystalline solid product (L), whereas similar condensation reaction in 1:2 
mole ratio has afforded an oily mass (chapter 2B). The latter has been characterize 
as pyridine-2,6-dicarboxylic acid-bis-(3-hydroxy-propyl)amide, (L). The analytical 
data of L' is consistent with the molecular formula C10H12N2O4 FT-IR spectrum of 
ted stretching frequencies assignable to [26] v(NH), v(OH), v(COOH), 
Amide (I, II, III) and characteristic pyridine ring v(C=C) and v(C=N) fundamental 
stretching vibrations. 
'H-NMR spectrum of the micro-crystalline product exhibited resonance 
signals [Experimental section] which are consistent with the presence of the OH, 
NH, pyridine ring (characteristic of AB2 type coupling with JHH = 7.8 and 7.5 cps) 
as well as the aliphatic group in the molecule corroborating the 1:1 condensation 
process to give the final product. 
The '^ C-NMR spectrum of the compound (L ' ) exhibited '''C resonances due 
to COOH, CO-NH, C-NH, C-OH, and -CH2- carbon at the appropriate positions. 
The present analytical and spectroscopic data therefore consistent with the proposed 
stoichiometry and indicate that the ligand L' contains the carboxyiic (COOH), amide 
(CONH), CH2-N, CH2-O and C-CH2-C functions in the molecular unit. The 
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mechanism of formation of (L') with the probable geometry compatible with the 
present analytical and spectroscopic data have been indicated in Figure 2C 1. 
The ligand, L' reacted efficiently with CUCI2.2H2O affording blue colour air 
stable microcrystalline are stable product (16) [Experimental Section]. The product 
has been characterized by usual physico-chemical and spectroscopic methods. 
Analytical data, conductivity and FAB-mass spectral studies of the complex: 
Analytical data of the complex (16) is consistent with the molecular formulae 
CUC10H12N2O4CI2. The molar conductance (Am = 20 ohm''cm^mole"') measured in 
DMSO (a strong ionizing solvent having the dielectric constant 8 = 46) indicates a 
non-ionizing [41] behavior of the complex compatible with its stoichiometry as 
[CuL'Cb]. The molecular stoichiometrics of the ligand (L') and the complex (16) 
have been further verified from FAB-mass spectral studies. FAB-mass spectra of the 
ligand (L') and the complex [CuL'Cl2](16) exhibited peaks assignable to the 
molecular ion [L'+2H]'^ at m/z = 226 (35% abundance) and the complex molecular 
ion [M+2H]"' at m/z = 359 (30% abundance), where M = [Cu L'Cb]. The positions 
with assignments of the fragmentation species generated from the cleavage of the 
molecular ions along with the corresponding addition products with the matrix 
fragmentats have been summarized in Table 2C. 2. 
Infrared spectra 
The FT-IR spectra of the ligand exhibited [Experimental section] the 
characteristic absorption frequencies assignable to u(COOH), amide (I, II and III) 
and pyridine ring stretching vibrations at the appropriate position [26]. A broad 
absorption band in 3400-3500cm"' region is probably due to the presence of a (OH) 
group in the moiety. The appearance of medium intensity bands at -900 and 410 
cm-' for the complex are due to u(M-O) and u(M-N) bond stretching frequencies. 
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Magnetic moment, £FR and electronic (ligand field) spectral studies:-
The electronic ligand field (d-d) spectra for the complex exhibited two broad 
absorption bands centered at -16,500 and 19,000 cm'' assigned to the split 
component of the T^2g<-^ Eg transition i.e. ^ B2g<-^ Big and ^ Eg -^^ Big, respectively. 
The X-band EPR spectrum indicated an anisotropic (gy = 2.24 & gi = 
2.03) behaviour of the Lende parameter (g). The observed gy > gi indicates 
the presence of an axial symmetry with ^Big (or dx^-y^) as the ground 
electronic state of the metal ion in the complex. The gy and gi values in 
axial symmetry with ^Big ground state [43] are given by the expressions: 
gll =2-8K|| 'VE('B2g<^'B,g) 
gx = 2-2Ki^X,/E(2Eg<-^B,g) 
Where K is orbital reduction factor and X is spin-orbital coupling 
constant of Cu^ "^  ion {X = 829 cm"'). The parameter G, which measures the 
exchange coupling effects, is related to the experimentally observable 
quantities, gy, gi, Ki, Ky and energies of the ligand field transitions by the 
following expressions: 
gll-2 4K||' E(2B2g^'B,g) 
G = 
gx-2 Ki' E('Eg<-2B,g) 
The magnitude of G has been authentically used as a criterion for measuring 
the extent of exchange coupling effects on local Cu (II) environment in the complex. 
The observed magnitude of G < 4.0 and Ki (0.997) > Ky (0.853) in the present 
Cu(II) complex suggest a considerable exchange coupling [43-45]. 
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Molecular modeling:-
The molecular model calculations [34,35] based on the CSChem-SD 
MOPAC have been employed to solve the minimum energy plots for the probable 
molecular structures of the ligand and the complex to get the various bond lengths 
and bond angles in the molecules as described in the earlier chapter. The plot shows 
(Figure 2C. 2-4) that the ligand (L') has four potential donor (N, N, O, O) sites to 
bind the metal ions such that the and the Cu(II) acquires a hexacoordinate geometry. 
The computed bond angles N(3)-Cu(20)-N(8) = 70.3°, N(3)-Cu(20)-O(17) = 88.7 
°, N(3)-Cu(20)-Cl(22)= 82.6°, N(3)-Cu(20)-O(14) = 126.6° and 
N(3)-Cu(20)-Cl(21) = 172.3 ° suggest that the counter anions Cl(21) and the 
pyridine nitrogen (N3) are in trans position of the hexacoordinate geometry while the 
other donor sites N(8), 0(14), 0(17) and Cl(22) constitute the basal plane of a 
distorted octahedral coordination geometry around Cu(II) ion. The computational 
data therefore support the observed anisotropy in the hexacoordinate geometry of the 
complex. The anisotropy in g values caused by the distortion in the geometry are 
basically due to a strong dynamic Jahn -Teller distortion in the d' (t2g^ Cg^ ) ground 
state electronic configuration of the metal ions. 
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Table 2C 1: The positions (m/z) of the important peak with their assignments 
observed in the FAB-mass spectrum of the ligand, L*. 
Abundance (%) 
35 
15 
20 
30 
18 
25 
10 
Complex 
[L'+2Hr 
[C6H3ONCOOH+H]* 
[L'-CsHeOH]^ 
[PDA+H]^ 
[L'+BZI+H]* 
[L'+BZ3+2H]* 
[L'-C3H60H+BZ3]1 
m/z 
226 
151 
165 
168 
361 
380 
319 
(Where PDA = pyridine-2,6-dicarboxylic acid, Bzi = 136, Bz2= 137 Bz3= 154 Bz4 
= 289andBz5 = 289 
Table 2C 2: The positions (m/z) of the important peak with their assignments 
observed in the FAB-mass spectrum of the complex (16). 
Abundance (%) 
30 
20 
18 
40 
10 
25 
Complex 
[M+2H]^ 
[M-Ci+Hf 
[M-2C1+2H]* 
[Cu + PDA+H]^ 
[M-2C1+Bz,+H]* 
[M-2C1+BZ3+H]* 
m/z 
359 
323 
289 
231 
424 
442 
(Where M = [CuL'C12] = 357.0, PDA = pyridine-2,6-dicarboxylic acid, Bzi = 
136, Bz2 = 137 Bz3 = 154 Bz4 = 289 and Bzs = 289 
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NH2 OH 
OH OH 3-Amino-l-propanol 
P>ridine-2.6-dicarboxylic acid 
NH 
OH 
OH 
CuCl-
. - ^ ^ ^ 
Figure 2C.1: Mechanisms of the condensation process 
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N OH 
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Figure 2C. 2: Computed structural perspective of the ligand L', N-(3-hydroxy-
propyl)-isothalamic acid. 
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?+ • • 1 
Figure 2C. 3: Computed coordination geometry around Cu ion in [CuL'Cb]. 
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H(29) 
H(26)i 
22) 
H{24) 
Figure 2C. 3: Computed coordination geometry around Cu^ ^ ion in [CuL'cy with 
labeling atom. 
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Cfiapter 3 
In-situ reaction of the condensation product 
derived from the reaction of SaHcylaldehyde and 
3-amino-l-propanol with transition metal 
chlorides: Isolation of di-|Li2-alkoxo bridged 
binuclear complexes, [M2L 2^(H20)2 CI2] [L^ = 1-
(salicylaldeneamino)-3-hydroxypropane)] (M = 
Mn, Co, Ni, Cu, Cr or Fe). 
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Introduction 
Schiff base ligands have played an integral and important role in the 
development of coordination chemistry since the late 19th century. The studies of 
the metal complexes of these ligands have attracted attention due to their facile 
syntheses, wide applications and the accessibility of diverse structural modifications 
[1.2]. The chemistry of Schiff base ligands and their metal complexes has expanded 
enormously and encompasses a vast area of meatallo-organic chemistry as well as 
the various aspects of bioinorganic chemistry [2]. Schiff bases have been reported to 
show a variety of biological actions by virtue of the azomethine linkage, which is 
responsible for various antibacterial, antifungal, herbicidal, clinical and analytical 
activities [3-6]. The chemistry of metal complexes containing salen-type Schiff base 
ligands derived from condensation of aldehydes and amines is of enduring 
significance, since they have common features with metalloporphyrins with respect 
to their electronic structure and catalytic activities that mimic enzymatic oxidation 
[7]. 
Schiff base ligands are considered "privileged ligands" because they are 
easily prepared by the condensation between aldehydes and imines. Stereogenic 
centres or other elements of chirality (planes, axes) can be introduced in the 
synthetic design. Schiff base ligands are able to coordinate niany different metals, 
and can stabilize their various possible oxidation states. These characteristic features 
have enabled the use of Schiff base metal complexes for a large variety of useful 
catalytic transformations. Schiff base ligands offer synthetic access to a variety of 
ligand environments with biologically relevant donors [8]. These ligand systems 
binds metals through imine nitrogen as well as other donor groups usually linked to 
the aldehydic group. Even today, chemists design novel Schiff bases, to expand its 
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coordination chemistr>'. Schiff base metal complexes are in general obtained in situ, 
when two equivalents of functionalized aldehyde are reacted with a diamine, in 
presence of metal ion. The so-called Salen ligands, with four coordinating sites and 
two axial sites open to ancillar)' ligands, are very much like porphyrins. Although 
the term Salen was used originally only to describe the tetradentate Schiff bases 
derived from ethylenediatnine, the more general term Saleri-t>'pe is used in the 
literature [9] to describe the class of [0,N,N,0] tetradentate Schiff base ligands. 
A variety of transition metal complexes with Schiff base ligands particularly 
having N2O2 donor centers have been extensively studied [10-17]. Some of these 
complexes have exploited to serve as models to elaborate the various biological 
processes. It is well known that during photosynthesis in plant and algae, molecular 
oxygen in the atmosphere is released as by-product of water oxidation. Compared 
with either chemical or electrochemical oxidation pn)duction, photosynthetic oxygen 
proceeds with very little driving forces and requires moderate activation energy. The 
four electron oxidation of water in photosynthetic organism is achieved by an 
inorganic cofactor bound to polypeptides of photo-systems II (PS II) called the 
oxygen evolution centre (OEC) [18]. It has been shown that polynuclear metallic 
clusters, especially the tetranuclear manganese cluster can provide active centers for 
oxygen evolution. Albeit, the exact cluster structure and the chemical processes of 
the water oxidations remain unknown [19]. It is speculated that the active species 
most probably adopts a structure having two di-^2-oxo briged manganese [20]. The 
dimeric Mn(III) Schiff base complexes [21] which mimic the structure of OEC has a 
greater utility. The Schiff base ligand N, N'-propane-l, 3-bis(salicylidcneaminate) 
and its derivatives has been designed to prepare dimeric Mn(III) complexes which 
can serve as photo-systems 11 or oxygen evolution centre (OEC) [18, 22-25]. One of 
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the necessary structural features for such dinulear complexes to act as PS II is that 
the coordination sphere should contain a water molecule and a counter anion per 
metal ion. in addition to an alkoxo bridging between the metal ions. Keeping a view 
of this issue it was considered interesting to prepare a few homo-bimetallic 
complexes satisfying above structural features. This chapter describes the syntheses 
and characterization of such complexes. 
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EXPERIMENTAL 
Materials:-
The metal salts viz. anhydrous chromiuin(III) chloride, anhydrous iron(lll) 
chloride (both C. D. H., India), cobalt(II) chloride hexahydrate, nickel(II) chloride 
hexahydrate, copper(Il) chloride dihydrate and anhydrous zinc(II) chloride (all B. D. 
H. India), were commercially available used as received. The reagents 
Salicylaldehyde, 3-amino-l-propanoI and triethylamine (all E. Merck, Germany) 
were used with out further purifications. 
Instrumentation :-
FT-IR spectra of compounds were recorded as KBr disc on Perkin Elmer 
Model spectrum GX spectrophotometer. Electronic spectra and conductivities of 
10"^ M solution in water were recorded on a Cintra-5GBS UV-Visible 
spectrophotometer and Systronics-305 digital conductivity bridge, respectively, at 
room temperature. FAB-mass spectra were recorded on JEOL SX-102/DA-6000 
mass spectrometer at 1OKV accelerating voltage using m-nitrobenzyl alcohol (NBA) 
as matrix and argon as the FAB gas. The matrix peaks were indicated at m/z = 136, 
137, 154, 289, 307. The X-band EPR spectra of poly crystalline samples were 
recorded at room temperature (RT) as well as liquid nitrogen temperature (LNT) on 
a JEOL Model JES-RE3X spectrometer calibrated with diphenylpicrylhydrazyl 
(dpph: 2.0037). Results of the Microanalyses were obtained from Micro-Analytical 
Laboratory of Central Drug Research Institute (CDRI), Lucknow, INDIA. 
Measurement of ^^ Fe Mossbauer spectrum of the complex [Fe2L 2^(H20)2Cl2] 
(18):-
Required instrument for the measurement was designed at UGC-DAE 
Consortium for Scientific Research, Kolkata center. The MOssbauer measurements 
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were made with a standard PC-based system operating in the constant acceleration 
mode. The velocity drive was calibrated using 57-Co source using a 25 \xm thick 
natural iron foil as an absorber. The sextet of a-iron was useful in calibrating the 
center of gravity of the spectrum and velocity calibration constant, which are 
essential for the analysis of the spectrum. The velocity calibration was carried out 
using the ^^Fe-M6ssbauer spectroscopy of a - iron. The experiment was performed 
at room temperature at 300 K when the absorber was kept stationary and the source 
device was moving with a constant velocity (lOmm/sec). The spectrum was fitted 
with NORMOS program 1990 for its solution. 
Preparation of the homo-bimetallic complexes, [M2L 2^(H20)2Cl2] [L^  = 1-
(saIicylaldeneamino)-3-hydroxypropane, M = Cr(17), Fe(18), Mn(19), Co(20), 
Ni(21) and Cu(22)] 
[Cr2L^{H20)2Cl2] (17) 
3-amino-l-propanol (0.75 g, 10 mmol) was added with stirring to a warm 
magnetically stirred solution of salicylaldehyde (1.22 g, 10 mmol) taken in 50ml 
methyl cyanide (CH3CN). The reaction mixture was heated at (~70°C) for one hour, 
which produced a yellow colour solution. CrCb •6H20 (2.7g, 10 mmol) in CH3CN 
was dropped to the resulting yellow solution with stirring at room temperature in the 
presence of EtsN (1 cm^). The reaction mixture was stirred for 2 days. The dark 
green amorphous solid formed was filtered off, washed with CH3CN and dried in 
air. [(17) green colour, m.p. >320°C Yield. 1.5g]. The recrystallization of the 
product produced microcrystalline solid. 
Anal. Calcd. For. C2oH26N206Cl2Cr2: C, 42.5; H, 4.60; N, 4.96. Found for (17): C, 
42.6; H, 4.50; N, 4.75. Molar Conductance, Am (in water): 55 ohm''cm^mole''. 
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FT-IR (as KBr discs, cm''): 3376b coordinated v(OH), 939m coordinated vCHjO), 
1619s v(C=N), 526m v(M-O), 420s v(M-N). 
[Fe2 L^ (H20)2Cl2] (18) 
It was prepared in the same manner as described above for (17), by talcing 
FeCb (1.622g, 10 mmol) A purple solution was formed when EtsN (1 cm )^ was 
added to the above reaction mixture which on prolonged stirring for 1 day, the 
colour of the solution turned brown. Stirring was continued for 2 days, which gave 
dark brown amorphous solid isolated in the same manner as described above. [(18) 
brown colour, m.p. 258°d Yield. 1.6g]. 
Anal. Calcd. For. C2oH26N206Cl2Fe2: C, 41.9; H, 4.89; N, 4.50. Found for 
(18): C, 41.4; H, 4.50; N, 4.60. Molar Conductance, Am (in water): 49 ohm"' 
cm^mole''. 
FT-IR (as KBr discs, cm"'): 3374b coordinated v(OH), 976m coordinated v(H20), 
1618s v(C=N), 571m v(M-O) and 467s v(M-N). 
[Mm \.\ (H20)2Cl2] (19) 
It was also prepared in the same manner as described for (18) above. MnCb 
•4H20 (2.0g. 10 mmol) and EtsN (1 cm )^ was added to the yellow reaction mixture 
obtained from Salicylaldehyde and 3-amino-l-propanol. The green colour 
amorphous solid obtained, were collected after washing with CH3CN, dried in air. 
[(19) green colour, m.p. 250°d Yield. 1.4g]. 
Anal. Calcd. For. C2oH26N206Cl2Mn2: C, 42.10; H, 4.56; N, 4.91. Found for (19): C, 
42.15; H, 4.50; N, 4.50.Molar Conductance, Am (in water): 60 ohm"'cm^moIe"' 
FT-IR (as KBr discs, cm"'): 3314w coordinated v(OH), 990m coordinated v(H20), 
1613s v(C=N), 574m v(M-O), 435m v(M-N). 
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[C02 L^ (H20)2Cl2] (20) 
C0CI2 -61-120 (2.37g, 10 mmol) was used to prepare the complex in the same 
manner as described above. [(20) brownish green colour, m.p. >350°C Yield. 1.6g]. 
Anal. Calcd. For. C20H26N2O6CI2C02: C, 41.50; H, 4.49; N, 4.84. Found for 
(20): C, 41.25; H, 4.50; N, 4.70. Molar Conductance, Am (in water): 50 ohm"' 
cm^mole'. 
FT-IR (as KBr discs, cm"'): 3371w coordinated v(OH), 975w coordinated v(H20), 
1627s v(C=N), 550m v(M-O), 460s v(M-N). 
[Niz h\ (H20)2Cl2](21) 
A similar procedure was follow for the preparation of the complex. NiCb 
•6H20 (2.37g, 10 mmol) was added to the yellow solution at room temperature. A 
green solution was formed when EtsN (1 cm'') was added. After stirring in air for 2 
days, green amorphous solid of were obtained, washed with CH3CN and dried in air. 
[(21) green colour, m.p. 230°d Yield. 1.6g]. 
Anal. Calcd. For. C20H26N2O6CI2C02: C, 41.60; H, 4.51; N, 4.86. Found for 
(21): C, 41.50; H, 4.50; N, 4.75. Molar Conductance, Am (in water): 59 ohm"' 
cm^mole"'. 
FT-IR (as KBr discs, cm"'): 3516b coordinated v(OH), 976m coordinated v(H20), 
1626s v(C=N), 570m v(M-O), 460s v(M-N). 
[Cu2 L \ (H20)2Cl2](22) 
It was prepared in the same manner as described above by taking CuClj 
.2H20 (1.709g, 10 mmol). The greenish gray amorphous solid was washed with 
CH3CN and dried in air. [(22) greenish grey colour, m.p. 240°C Yield. 1.5g]. 
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Anal. Calcd. For. C20H26N2O6CI2CU2: C, 40.90; H, 4.43; N, 4.77. Found for 
(22): C, 41.0; H, 4.50; N, 4.40. Molar Conductance, Am (in water): 64 ohm" 
1 7 1 
cm mole' . 
FT-IR (as KBr discs, cm"'): 3474b coordinated v(OH), 979m coordinated v(H20), 
1621s v(C=N), 574m v(M-O), 447s v(M-N). 
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RESULTS AND DISCUSSION 
The formation of present Schiff base ligand [H2L ,^ = l-(salicylaldeneamino)-
3-hydroxypropane, lUPAC nomenclature] has been achieved employing the 
condensation of saiicylaldehyde and 3-amino-l-propanol in a 1:1 molar ratio in 
methyl cyanide (CH3CN) under hot condition. The in-situ reactions of the 
condensate with metal chlorides MCI3 and MCI2 in the presence of EtsN have 
afforded complexes of the type [M2 L^ 2 (H20)2Cl2] [M = Cr(17), Fe(18) Mn(19), 
Co(20), Ni(21) or Cu(22)]. Addition of EtsN has indicated a sharp change in the 
colour of the resulting reaction mixture, which ultimately afforded complexes in 
good yields. The presence of organic base (EtsN) probably helps the 
dehydrogenation process of the hydroxyl groups facilitating the formation of homo-
bimetallic complexes through di-^2-alkoxo bridging. The probable mechanism of 
the dimerization process resulting in the dinuclear species through alkoxy bridging is 
shown Figure 3. 1. The complexes have been characterized from the analytical and 
spectroscopic investigations. The probable coordination geometry around the metal 
ion in the complexes has been deduced from the absorption bands observed in the 
UV-Vis (ligand field) spectra and magnetic moment studies. All the Schiff base 
complexes are stable at room temperature, and are soluble in water, DMSO and 
methanol. The ^'Pe mossbauer data of present Fe(III) complex have been performed 
to substantiate the most probable coordination environment around the metal ion. 
Analytical data, Conductivity measurements and FAB-mass spectral studies:-
The molecular formulae of the complexes C20H26N2M2O6CI2 [M = Cr(17), 
Fe(18), Mn(19), Co(20), Ni(21) or Cu(22)] proposed from the analytical data which 
were compatible with the stoichiometry [ML2 (^H20)2Cl2]. It was further verified 
from the FAB-mass spectral studies of the complexes (17,18, 20 and 21). 
12 
The FAB-mass spectra of the complexes Cr(17), Fe(18), Co(20) and Ni(21)] 
exhibited the probable molecular ion peaks whose position (m/z) with percent 
abundance are indicated in Tables 3. 1-4. The positions of the various peak 
observed in the spectra ascertained the stepwise cleavage or fragmentations of the 
molecular ions. The fragmentation products or species usually exhibit a higher 
intensity high abundance (~ 70%) compared to the corresponding molecular ions 
peaks. The spectra also showed the various possible addition products of the 
fragmentation species with the matrix fragments (Bzi = 136, Bz2= 137, Bz3= 154 or 
Bz4 = 289) whose m/z values are also summarized in Tables 3.1-4. FAB-mass data 
therefore support not only the proposed stoichiometry of the present complexes, but 
also indicate that the chelation of metal ions by the ligand L^  is strong even under 
FAB-mass condition 
The observed molar conductivities (Am < 50 ohm"'cm'mole'') of the 10"^ M 
aqueous solution of the complexes (17 - 22) suggests that these do not ionize in 
solution behaving as a non electrolytic in water. The conductivity data therefore 
further confirm that the counter anion is coordinated giving the stoichiometry of the 
complexes as [M2L2\H20)2Cl2] [M = Cr(17), Fe(18), Mn(19), Co(20), Ni(21) or 
Cu(22)]. 
Infrared spectra 
The appearance of medium intensity band in the region 3300 - 3500 cm'', 
characteristic of the v(O-H) stretching frequency of the coordinated H2O to the 
metal ions [21,26] indicates that it is coordinated to the metal ion in the present 
homo-bimetallic complexes. The spectrum exhibited a strong band at -1620 cm"' 
arising due to the imine v(C=N) stretching frequency [21]. Coordination to the metal 
ions from nitrogen and oxygen atom of imine (C=N) and alkoxo groups. 
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respectively, were ascertained from to the appearance of the characteristic v(M-O) 
and v(M-N) band frequencies [21, 22-25] at -550 and -470 respectively. 
Magnetic moment, EPR and electronic (ligand field) spectral studies:-
The electronic spectra of the complexes were recorded in water; peak 
positions with assignments are given in Table 3. 5. The complexes exhibited a 
strong broad absorption band in the 225-280 nm range which may be assigned to 
the ligand n -^ n* transition of the immine (C=N) function couple with the 
ligand^metal (L->M), charge transfer (CT) transitions expected in this region [27]. 
The visible region of the spectra contained bands characteristic of the (d-d) 
transitions on the metal ions in the e. ffect of the ligand fields. 
The observed |ienr value of the complex (17) at room temperature is 4.6 BM, 
which is significantly lower than that of the theoretically calculated (MSO = 6.92BM) 
value for a homo-bimetallic (Cr"'"'- Cr^ "^ ) species with two uncoupled three unpaired 
spins (Scr3+- Scr3+ = 3/2-3/2) [28]. This indicates that the two Cr''^  ions of the 
binuclear units are not well isolated magnetically i.e. exhibit a considerable 
magnetic coupling [29]. The presence of intra-molecular anti-ferromagnetic 
interactions in many polynuclear Cr(ni) complexes is reported to lower the overall 
^{]- magnitude of the complexes. The electronic spectra of the complex (17) showed 
d-d bands (Table 3. 5) characteristic of the excitations from ''A2g(F) ground 
electronic state to the '*T2g(F) and ''Tig excited states belonging to "F free ion term. 
These are assigned as ''T2g(F)<-''A2g(F) and ''Tig(F)*-''A2g(F) in an octahedral 
environment. The bands at 22232 and 23382 cm"' (Av = 150 cm"') has a small 
energy separation henceforth, are apparently the split components of the 
'*T2g(F)-<—'A2g(F) transition [27]. This splitting often arises due to the presence of a 
114 
tetragonal distortion which is not uncommon for hexacoordinate Cr(III) complexes 
[27]. 
The observed f^efr value of the complex (18) at room temperature is 3.5 BM, 
However, the calculated spin-only moment for a homo-bimetallic (Fe''"^  - Fe^ "^ ) 
complex with un-coupled five unpaired spins on each Fe ^ is expected to be s^o ~ 
10.0 BM. A strong anti-ferromagnetic coupling between the two adjacent Fe(III) 
centres linked via a bridging ligand can effectively reduce the overall magnitude of 
the magnetic moments. It is well known that the presence of bridging ligands 
specially the alkoxo bridges is responsible for such a drastic reduction [28,29] of the 
overall magnetic moment (i.e. from -10 BM to 3.5 BM as in the present case). The 
strong broad absorption band observed at 26,880 cm' in the electronic spectrum of 
the complex (18) is characteristic of metal<—ligand (M*—L) charge transfer as well 
as 7r->7t* transition of the ligand. The bands observed in the visible region (Table 3. 
5) having fine band features are characteristic of the spin-forbidden nature of the 
ligand field (d-d) transitions in Fe'''^ (d )^ system having high-spin configuration of 
the metal ion an octahedral environment of the ligand. 
The observed diamagnetic nature of the complex [Co2L^2(H20)2Cl2] (20) 
suggest that the metal ion has no unpaired spins with d* configuration having (t2g ,^ 
eg° ) ground electronic state in an octahedral environment. This has been further 
verified from the nature of the ligand field spectrum of the complex. The ligand field 
spectrum consistent three well resolved band at -15,000, 21,000 and 26,000 cm"', 
which are characteristic of the ['A2g«—'Ajg, 'Eg<—'Aig and 'Eg, 'Bag*-'Aig] 
transitions of Co(III) systems in a symmetric hexacoordinate around the Co(III) ion 
[27, 30]. These observations indicate that the metal ion Co^ "^  is in low-spin 
configuration having no unpaired spin on the metal ion giving a diamagnetic nature. 
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The observed magnetic moments for the complexes [Ni2L^2(H20)2Cl2] (21) 
and [Cu2L^2(H20)2Cl2] (22) as well as the observed ligand field spectra are 
consistent with a trivalent oxidation state of the metal ion in these complexes. The 
position of absorption band with their probable assignments is indicated in Table 3. 
5. 
The X-band EPR spectra of the complex (22) recorded at room temperature 
(RT) and liquid nitrogen temperature (LNT) were nearly identical exhibiting 
resonance signals at gi = 2.53, g2 = 2.45 and g3 = 2.38.. The observed splitting of the 
spectroscopic Lande parameter (g) is indicative of the presence of the strong zero 
field splitting due to the presence of magnetically coupled unpaired spins in the 
homo-bimetallic species [31,32]. 
Mossbauer spectral studies 
The representative Mossbauer spectrum of the complex [Fe2L2 (^H20)2Cl2] 
(18), recorded at 300 K and the various Mossbauer parameters obtained from the 
computations of the spectral data are shown in Figure 3. 2. Least square fitting and 
Lorenzian line shape were used for the spectral plots. The spectrum exhibited two 
identical sets of resonance peaks whose isomer shifts (5) are very close (i.e. 5| = 
0.34 mm/s, 62 = 0.27 mm/s, A5 = 5i - 62 = 0.05 mm/s). This suggests that the two 
iron nuclei in the present homo-bimetallic complex have an identical oxidation and 
spin states. The magnitudes of isomer shift (5) and quadrupole splitting (AEQ) are in 
the range reported [33] for the hexa-coordinate Fe(IlI) complexes with metal ion in a 
high-spin (t2g^ ,eg^ ). The quadrupole doublet has nearly the same area and the line 
width. The peak height ratio (HWh/HWi), which refers to the ratio of the peak 
heights at high-and low- energy is an important parameter [34] to determine or 
identify whether the complex in a bridged dinuclear (Fe^^-L-Fe^*) or mononuclear 
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species. The observed magnitude of HWh/HW| = < 1.0 is comparable to that 
reported [33,34] for the various dimeric Fe(III) - complexes viz (Fe-Salen.Cl)2, (Fe-
Salen)2MeN02, (Fe-Salen)2CH3CN and (Fe-Salen.Cl)2.CHCl3 etc. which confirms 
that the complex (18) is dinuclear (Fe^ '^ -Fe^ "^ , S5/2-S5/2) in nature.lt is well 
documented that the magnitude of the isomer shift (8) for the Fe^"*^  complexes 
usually decreases in the order: eight-coordinate > six-coordinate > four-coordinate 
[35]. However, in the present complex the magnitude of 5 lies at the lower side of 
the range reported for hexa-coordinate geometry [34] around Fe^"*" ion. This 
lowering reflects the presence of a considerable extent of stereo-chemical distortion 
from the expected hexa-coordination geometry around Fe'''^  ions resulting in a 
greater extent of structural anisotropy which is ultimately responsible for the 
observed quadrupole splitting [33]. 
The magnitude of the line width (i.e. full width at half maximum F < 1.0 
mm/s) for the complex (18) is higher than that reported for the dimeric complex 
[L2Fe20(CH3 C0)2] (PF6)2 [36]. However, the isomer shift is well within the range 
observed for a wide variety of the oxo-bridged dinuclear complex Fe^ "*". The 
observed quadrupole splitting AEQ ~ 1.0 mm/s is comparable to that reported [37] 
for the oxo-bridged homodinuclear six-coordinate complexes as well as the mer 
conformation of hemerythrin [37]. However, for the hydroxy-bridged species 
[Fe(OH) (CH3C02)2 (HBpz3)2] (CIO4) which also consisted of an asymmetric 
quadrupole doublet exhibit a large quadrupole splitting i.e. AEQ > 1.0 mm/s. This 
increase has been assigned to the effect of protonation of the |i-oxo group to give 
OH-bridging. The protonation of the ji-oxo group causes a significant alteration 
[38] in the electronic charge distribution at the iron sites, from a highly asymmetric 
in the ^-oxo complex to a more spherically symmetrical in the |a-hydroxo complex. 
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The spectra did not show any magnetic splitting on application of the 
external magnetic field. It indicates that the effective internal magnetic field at the 
MOssbauer nuclei is either absent or is too low to show any significant interaction 
with the nuclear excitation Fe(±3/2 -> ±1/2) and the spin state remains doubly 
degenerate (i.e. presence of Kramer's degeneracy). The quadrupole splitting in high-
spin Fe(in) complexes with symmetric t2g eg ground electronic configuration arises 
mainly due to the presence of asymmetry in the ligand field [39]. The nearly 
asymmetric nature of the quadrupole doublets suggests the presence of a fluctuating 
electric or magnetic field near the Fe'''^  nuclei. Asymmetry in the shapes rather than 
in the areas of quadrupole doublet components may arise from a paramagnetic 
relaxation effect on the Mossbauer nucleus. For metal ions having *S (*Aig) ground 
term, the fluctuating field is mainly due to the spin-spin relaxations [40]. 
Furthermore, the presence of magnetic exchange like intra-molecular 
antiferromagnetic interaction between Fe^ "^  ions is expected to enhance the 
mechanism of the spin-spin relaxation in these molecules. The average peak 
position (5) is in the positive side indicating that the s electron density on the metal 
ion is smaller [41] in the complexes relative to that of the source. 
It is therefore concluded from the present MSssbauer spectral data that the 
complex (18) is a ja-alkoxo bridged type homo-bimetallic species as shown in 
Figure 3. 2. 
Molecular Modeling:-
The computed bond lengths and bond angles for the complexes 
[M2L2^ (H20)2Cl2] [M = Cr(17), Fe(18) Mn(19), Co(20), Ni(21) or Cu(22)] obtained 
after employing the molecular model calculations based on CSChem-3D-M0PAC 
have been indicated in Table 3. 6. The optimum energy plots has been indicated in 
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Figure 3. 3. It is apparent from the plot that the ligand \} acts as a tridentate [0,N,0] 
chelating ligands. The water molecules and the counter chloride ions are also 
coordinated to the metal ions. However, the hexa-coordinate geometry around the 
metal ions is achieved from additional coordination from the alkoxo group of both 
the ligand moiety to result in a di-|a-alkoxo bridged structure as proposed from the 
magnetic moments and "Fe MSssbauer spectrum of the [Fe2L2 (^H20)2Cl2] (18) 
complex. The magnitude of the computed bond lengths M-N (immine) = 1.846A'', 
M-0 (covalent) = I.SIOA", M-0 (alkoxo bridging) = 1.931 A", M-0 (water) = 
2.138 A" and M-Cl = 2.728 A° are consistent with a slightly distorted octahedral 
(hexa - coordinate) geometry of the complexes. 
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Table 3.1; The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (17). 
Abundance (%) 
20 
18 
20 
25 
65 
20 
15 
Complex 
[M+H]^ 
[M-Cl+H]* 
[M-2CI+H]* 
[M-2H20-Ci+H]^ 
[M-2H20-2C1+2H]^ 
[M-2H20-2CI+Bz2]^ 
[M-2H20-2CI+Bz3]^ 
m/z 
565 
530 
495 
494 
460 
595 
612 
(Where M = [Cr2L2"^ H20)2Cl2] = 564.0, Bz, = 136, Bz2 = 137, BZ3 = 154, BZ4 
= 289,BZ5 = 307) 
Table 3. 2: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (18). 
Abundance (%) 
30 
15 
70 
25 
70 
20 
15 
Complex 
[M+2H]* 
[M-Cl+H]* 
[M-2C1+H]^  
[M-2H20-C1+H]^ 
[M-2H20-2C1+2H]^ 
[M-2H20-2Ci+Bz2]* 
[M-2H2O-2CI+BZ3]* 
m/z 
574 
538 
503 
501 
468 
603 
620 
(Where M = [Fe2L2"^ H20)2Cl2] = 572.0, BZ) = 136, Bz2= 137, Bz3= 154, BZ4 
289, BZ5 = 307) 
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Table 3. 3: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (20). 
Abundance(%) 
20 
18 
20 
25 
70 
20 
30 
Complex 
[M+2H]* 
[M-Cl+H]^ 
[M-2C1+H]^  
[M-2H2O-CI+H]* 
[M-2H20-2C1+H]^ 
[M+Bz, +H]^ 
[M+Bz3+H]^ 
m/z 
580 
544 
509 
494 
473 
715 
733 
(Where M = [Co2L2'(H20)2Ci2] = 578.0, Bz, = 136, Bzj = 137, BZ3 = 154, Bz4 • 
289, Bz5 = 307) 
Table 3. 4: The major peaks (m/z) with their assignments observed in the FAB-
mass spectra of the complex (21). 
Abundance (%) 
30 
18 
20 
25 
60 
20 
30 
Complex 
[M+2H]* 
[M-Cl+H]^ 
[M-2C1+H]^  
[M-2H2O-CI+H]" 
[M-2H20-2C1+H]^ 
[M-2H20-2C1+Bz,]^ 
[M-2H20-2C1+BZ3]^  
m/z 
578 
542 
507 
492 
471 
605 
623 
(Where M =[Ni2L2'(H20)2Cl2] = 576.0, Bzi = 136, Bz2 = 137, BZ3 = 154, BZ4 
289, Bz5 = 307) 
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Table 3. 5: Magnetic moments (lOefr B.M.), and ligand field (d-d) spectra of the 
complexes with their assignments. 
Complexes 
17 
18 
20 
21 
22 
Jleff. 
(MB) 
4.6 
3.5 
Diamagnet ic 
7.2 
4.5 
Bands 
positions 
v(cm'') 
38,510 
25,480 
23,382 
22,232 
26,880 
25,900 
21,500 
16,050 
26,000 
21,000 
14,590 
46,410 
34,510 
20,430 
14,590 
47,623 
36,930 
26,020 
16,950 
15,610 
Transitions 
CT + ;t ^ 7t* 
'T,g(F)^'A2g 
'T2g(F)^^A2g 
^T2g(F)^^A2g 
CT+ n-^K* 
rA,g ,%]-^A,g 
T2g-^ Aig 
[ T2g, Tig]-<- Aig 
' F — ' A , 
Eg*— /\ lg 
'A2g-'A,g 
7t -> 71* + Ct 
CT 
'T,g(P)^''T,g(F) 
% ( F ) ^ ' T , g ( F ) 
7t->>7C* 
CT 
'T,g(P)^X 
'T,g(F)^X 
'T2g(F)^^A2g 
EPR 
gi = 2.53, g2 = 
2.45 and g3 = 
2.38. 
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Table 3. 5: Important computed bond lengths (A°) and bond angles (degree) of 
complexes. 
Complexes M-N N T O M^^O N T O M-Ci M - 0 0 - M N - M - 0 
(immine) (covalent) (alkoxo (water) -M -O 
bridging) 
17 
18 
19 
20 
21 
22 
1.846 
1.836 
1.846 
1.746 
1.846 
1.826 
1.810 
1.810 
1.810 
1.810 
1.810 
1.810 
1.931 
1.921 
1.931 
1.931 
1.931 
1.921 
2.138 
2.238 
2.138 
2.138 
2.138 
2.138 
2.728 
2.628 
2.728 
2.728 
2.728 
2.728 
89.8 
89.8 
89.8 
89.8 
89.8 
89.8 
146.4 
146.4 
146.4 
146.4 
146.4 
146.4 
130 
125 
120 
120 
120 
120 
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XHO 
"OH 
-H,0 
NH2 OH 
2-Hydroxy-benzaldeh> de ^-Am.no-1 -propanol 
H X = N 
OH 
OH 
MCI2/MCI3 Et,N 
H,0 CI 
M . ,^ *^  
..v^^^^ 
.NO-
M X N = C H 
CI H,0 
Figure 3.1: Scheme of the formation of the complexes. 
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l i ) 0 0 -
0.«i95 
c 
o 
5» 
.*2 
E 0.990 
w 
£ 0.985 
a: 
0.980 
0.975 
^ ^ A 5 ? ^ -
—T" 
-e 
—r-
- i 
Velocity (mm/s) 
Complex 
[Fe2L2'(H20)2Cl2] 
(18) 
Isomer 
Shifts 
5 (mms'') 
0.34 and 
0.27 
Quadrupole 
Spl. 
AE'^(mms') 
1.10 and 
0.97 
Line-width 
0.44 and 
0.97 
%Area 
59.52 and 
40.48 
Figure 3.2: Mossbauer spectrum of the complex [Fe2L2 (H20)2Cl2] (18). 
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• =C 
• = H 
# =N 
• = 0 
m =M (Ci. IMii. Fe. Co. Ni oi Cu) 
• =C1 
Figure 3. 3 : Perspective coordination geometry around metal ion in 
[M2L2\H20)2Cl2 
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chapter 4 
Cyclic-Voltammetric (CV) and Conductometric 
studies of the solution of a few metal complexes 
described in the present work. 
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INTRODUCTION 
Conductometric Studies:-
The informations regarding the selectivity and the ionic associations in metal 
ion coordinated moieties can be obtained through investigations of the electrical 
conducting behaviour of the complexes in suitable solvents. These informations 
have been utilized by some workers [1] to explore the suitability of transition metal 
complexes as ion-selective electrodes (ISE). The ionic transport behaviour 
associated in a polymeric membrane of ISE depends largely on the selectivity as 
well as the stability of the complexes. The electrical conducting property is known 
to be strongly affected by the solvent and magnitudes of interactions between the 
complex cation and counter anions [2]. 
The ionic association constants of transition metal complexes can be determined by 
carrying out a detailed conductometric studies [3,4]. Jenkins and Monk [5] 
suggested that conductance measurements are also applicable for determining the 
formation constants of the complexes. Katayama and Tamamush [6,7] determined 
the ion-pair formation constants of tris(ethyIenediamine)cobalt(III) complexes with 
maleate and fumarate bases using continuous variation method form conductometric 
studies. Conductometric studies were used [8,9] to determine the ionic association 
constant of cobalt (II), Nickel (II), copper (II) and zinc (II) perchlorates in methanol-
ethylene glycol mixtures. The effective size of complex cation is one of the various 
factors, which can influence the extent to which ions associate in solution. It has 
been shown that the dissociation constants are also affected with increasing or 
decreasing size of the counter inorganic or organic anions [5]. 
In this chapter, conductometric measurements in aqueous medium (a strong 
ionizing solvent with dielectric constant s = 78.06) has been made and the data 
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were treated employing a modified Onsagar limiting equation of the Fuoss and 
Edelson method [10]. The thermodynamic ionic association constants and the 
corresponding free energies (AG) of the first association reaction of the complexes 
have been determined. 
Another important and the most versatile electro-chemical technique is the 
cyclic voltameteric studies. This methodology is widely used to study the ligating or 
encapsulating behaviour of transition metal complexes for the various sizes of the 
metal ions in their different oxidation states. The technique of cyclic voltammetry 
(CV) involves cycling the potential of an electrode, which is immersed in an 
unstirred solution and measuring the resulting current. The effectiveness of CV 
results from its capability for rapidly observing the redox behaviour over a wide 
potential range. Cyclic voltammetry provides a method to study the behaviour of an 
electroactive species generated during the forward scan and then probing its fate 
with the reverse scan and the subsequent cycles, all in a matter of seconds or even 
less. The time scale of the experiment is adjustable over several orders of magnitude 
by changing the potential scan rate enabling some assessment of the rates of various 
redox reactions. 
The important parameters of cyclic voltammogram are the magnitude of the 
anodic peak current (ip^ ) and the cathodic peak current (ip*^ ), the anodic peak 
potential (Ep*) and the cathodic peak potential (Ep"^ ). 
The formal half wave redox potential (E°i/2) for a reversible couple is 
centered between Ep^  and Ep'^  and its magnitude is evaluated as 
t p + tip 
E,/2= ....(1) 
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The number of electrons (n) transferred in the electrode reaction for a 
reversible couple can be determined from the separation between the peak 
potentials, which at 25°C is give as 
AE = E;-E;=^^ (2) 
n 
For a reversible redox couple the values for ip^  and ip*^  should be of 
comparable magnitude i.e. ip^ ip*^  = 1. The peak current for a reversible system 
increases with V'^ 'and is directly proportional to concentration. However, the ratio of 
peak current can be significantly influenced by chemical reactions coupled to the 
electrode process. A faster or rapid scan rate allows less time for the chemical 
reaction to occur between the positive and negative scans. In fact, for sufficiently 
fast scan rates the effect of the chemical reaction becomes negligible and ip^ /ip*^  
approaches unity. 
Electrochemical irreversibility is caused by slow exchange of the redox 
species with the working electrode and is characterized by a separation of peak 
potentials greater than indicated by equation 2. In this chapter results of cyclic 
voltametric studies on the present complexes and the mechanisms of the electrode 
reactions have been discussed. 
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EXPERIMENTAL 
Physical Measurement:-
Conductivity measurements were carried out at a frequency of 1 KHz on a 
Systronic Conductivity Bridge at room temperature. The cell content was 
thermostated at 25 ± 0.5 °C and the cell constant of the conductivity cell (1.00 cm'') 
was standardized by using aqueous lO"'' M NaCl as standard solution. The 
concentration ranges of the complexes studies were from 10'^  to 10"^  mol/liter. 
Cyclic voltametric measurements were recorded on a Princeton Applied 
research Model 263 A Potemtiostate/Galvanostate electrochemical analyzer. Double 
distilled water was employed for the CV studies. An aqueous 0.4 M 
tetraethylammoniumperchlorate solution was used as a supporting electrolyte. A 
three electrode configuration was used which comprised of a glassy carbon working 
electrode, a P*t wire as auxiliary electrode and Ag/AgCl as the reference electrode. 
All experiments were carried out at room temperature. 
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RESULTS AND DISCUSSION 
Evaluation of First Ionic Association Constant (Ki) and the related 
Thermodynamic parameters for the complexes:-
Thermodynamic first ionic association constant (Ki) as well as the 
corresponding free energy (AG) of the metal encapsulated macrocyclic complexes (8 
- 13) in water have been estimated by carrying out the conductomeric studies at RT. 
Conductometric data were treated according to modified Onsagar limiting equation 
employing Fuoss and Edelson method [10]. The Onsagar limiting equation at low 
concentration range [10,11] of the electrolytes is given by the relation. 
A = A°-S.Co"^ ....(1) 
Here, A is the equivalent conductance at each appropriate concentration Co, 
A" is the limiting equivalent conductance and S rep.esents slope of the plot of/I vr>. 
Co' '^. The consecutive association equilibria of the complexes in solution can be 
represented as following: 
A^^ + X " AX" and 
AT +X - AX2 (2) 
Where, A'^ indicates the corresponding complex cations and X' is the counter anion. 
The corresponding association constant Kj and K2 are given by 
K,=[Ar]fJ[A'^][X]f2.f- (4) 
K2 = fAX2jffArjfXJf,f. (5) 
Where f2+, /+ , / and / - are the activity coefficients of A^^, AX^. AX2 and X' 
respectively. In general K2«<K/ and its concentration is very low in comparison to 
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Ki, henceforth, the ionic equilibrium represented by equation (4) is only considered. 
The Onsagar limiting law then simplifies as 
AF ^ A" - DKi/A" 
where, D = C/" AF(AF - Ay2) 
and F = f(}- dCo"y + fA° - Ao-J/2AJ/[I + (A" - ^ ^2A"] (6) 
Here, F is a function which corrects the conductance ratio, A/A", for the effect of 
interionic forces on the mobility. The parameter 6 is the ratio of slope (S) and 
limiting equivalent conductance of the complexes cation and Xo- is the limiting 
equivalent conductance ofX". The ionic activity coefficient oi A^*, fi* has been 
estimated using the following modified Debye-Huckel equation: 
-logf2^ = 2503Z\ Acji'^ (7) 
where ZB = 2 (effective charge on the complexes) 
and £•= dielectric constant of the H2O {s= 78.06 ) 
The experimental equivalent conductivity data of each complexes and the 
estimated several parameters like limiting equivalent conductance (/1°), the activity 
coefficient (f2+) and D for the complexes (8 - 13) measured in water at room 
temperature have been summarized in Tables 4.1, Figure 4.1 represents the plot of A 
verses Cj^'^ according to equation (1) for the complex (8) in H2O. The limiting 
equivalent conductance, A° value was obtained form extrapolating the plot of A vs 
Co'^^- The Onsagar slope (S) for solutions has been determined as the slope of the 
plots of A vs Co'^^ for complexes (8) (Figure 4. 1). 
The AF vs D were estimated by using equation (6) and were plotted for each 
complexes as typified by Figure 4.2 for the complex (8). The slope of the plot of AF 
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vs D has provided the magnitude of (K|//l°) according to equation (6) which 
ultimately resulted in the magnitude of Ki summarized in Table 4. 1. 
The limiting equivalent ionic conductance Xo+ of the macrocylic complex 
cations has been determined according to Kohlrausch law [12] as following. 
A — /t.o+ "*" ^ -
or(Xo.=A'' +Ao.J (8) 
The free energy changes due to first ionic association reactions were also 
evaluated using the thermodynamic relationship i.e. 
AG =-RTInK, (9) 
and magnitudes for the various complexes are shown in Table 4. 2. 
The conductometric investigation for the estimation of the ionic association constant 
(Ki) and the corresponding free energy change (AG) have been carried out for the 
complexes MLXn (L = pyridine-2,6-dicarboxylic acid-bis-(3-hydroxy-
propyl)amide; [n = 2, X = CI, M = Mn (8), Co (9), Ni (10), Zn (11), Cd (12) 
or Cu (13)]. These complexes behaved as a 1:1 electrolyte in water. The magnitude 
of Ki indicates the relative tendency for the ion pair formation in the solution due to 
the presence of a considerable complex cation-counter anion interaction in solution. 
It can be seen from Table 4.2 that the magnitude of ki and also the AG of the various 
complexes (8 - 13) are nearly same, and the magnitudes which are comparable to 
that reported for the various transition metal complexes and metal encapsulated 
macrocylic complexes which behaves as 1:1 electrolyte in water [13-15]. However, 
[CoLCl]CI (9) has the highest magnitude of Ki and AG, while [NiLCI]CI (10) has 
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the lowest value for these parameters. The [CuLCl]Cl (13) has the next higher 
magnitude for K| and AG. These data therefore indicate that the tendency of ion-
pair formation in the solution for (9 and 13) is lower than those exhibited by the 
corresponding complexes (8, 10- 12). It is reasonable to suggest that the observed 
degradation in the observed magnitude of Ki and AG can be correlated to the 
theoretically estimated crystal field stabilization energies (CFSE) for the various d" 
configuration of the metal ion in an octahedral environment [16] of the ligand. As 
the d* configuration of Ni^ "^  ion has the highest expected crystal field stabilization 
energy (CFSE) exhibited the highest tendency for ion pair formation in the solution, 
where as the d', d^  (CFSE = 6 Dq), d^ d'° (CFSE = 0 Dq) have low tendency for the 
ion pair formation in solution. 
175-, 
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1/2 Figure 4.1. Plotting of A vs. Co"^  for [MnLCljCl (8) 
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Figure 4. 2. Plotting of AF vs. D for [MnLClJCl (8) 
Table 4.1; Several Parameters of metal complexes in H2O at room temperature 
Com p. 
8 
9 
Concentration 
(mol L ') 
IxlO"" 
2.5x10"" 
3.5x10"" 
5x10"" 
7x10"" 
10x10"" 
1x10"" 
2.5x10"" 
3.5x10"" 
5x10"" 
7x10"" 
10x10" 
A 
(ohm'cnr mot') 
151.0 
142.2 
138.5 
135.1 
131.4 
120.2 
150.0 
145.6 
139.3 
130.5 
120.9 
110.9 
A" 
(ohm'cnr mor') 
167.0 
138.0 
F2. 
0.9445 
0.9135 
0.8986 
0.8803 
0.8599 
0.8346 
0.9345 
0.9215 
0.8916 
0.8903 
0.8599 
0.8146 
F 
144.78 
134.08 
129.54 
124.90 
120.02 
110.19 
0.9650 
0.9356 
0.9286 
0.9200 
0.9062 
0.8965 
D 
0.2491 
0.8855 
1.3632 
2.0945 
3.1050 
4.8566 
0.1877 
0.6503 
1.0386 
1.6262 
2.3944 
3.5891 
10 IxlO"' 133.0 140.0 0.9445 0.9678 0.1371 
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11 
12 
13 
2.5x10" 
3.5x10"' 
5x10"^  
7x10"^  
10x10"^  
1x10-" 
2.5x10"^  
3.5x10"^  
5x10-^  
7x10-" 
10x10" 
IxiO" 
2.5x10 
3.5x10"' 
-4 
5x10" 
7x10 -4 
10x10" 
1x10"" 
2.5x10"' 
3.5x10"' 
5x10"^  
7x10-' 
10x10"" 
128.2 
124.9 
122.5 
118.3 
116.9 
153.0 
134.0 
123.9 
120.2 
111.5 
100.7 
142.0 
135.2 
131.5 
125.1 
118.6 
114.1 
139.0 
130.3 
126.2 
120.1 
110.5 
108.3 
150.5 
156.0 
141.0 
0.9135 
0.8986 
0.8803 
0.8599 
0.8346 
0.9445 
0.9135 
0.8986 
0.8803 
0.8599 
0.8346 
0.9445 
0.9135 
0.8986 
0.8803 
0.8599 
0.8346 
0.9445 
0.9135 
0.8986 
0.8803 
0.8599 
0.8346 
0.9527 
0.9485 
0.9383 
0.9341 
0.9172 
0.9387 
0.9205 
0.9118 
0.9136 
0.9121 
0.9249 
0.9519 
0.9339 
0.9252 
0.9198 
0.9137 
0.9010 
0.9550 
0.9356 
0.9286 
0.9203 
0.9082 
0.8965 
0.4981 
0.8022 
1.2678 
1.9621 
2.9333 
0.3894 
1.2567 
1.8809 
2.8554 
4.0545 
5.8269 
0.2659 
0.8575 
1.3139 
2.0730 
3.1073 
4.5639 
0.1877 
0.6503 
1.0386 
1.6263 
2.3944 
3.5891 
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Table 4.2; Ionic association constant (K/) (L mof'), free energy (AG) (KJ mor') and 
limiting equivalent conductance of cations (Av+) in complexes. 
Compd. Ki AG 
1 
9 
10 
11 
12 
13 
1121.78 
1464.97 
1013.75 
1119.69 
1138.92 
1275.45 
-17.39 
-18.05 
-17.14 
-17.38 
-17.43 
-17.71 
88.65 
95.65 
63.65 
64.65 
79.65 
88.65 
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Cyclic Voltammetry 
The electro-chemical redox behaviour of the present complexes in 
solutions employing Cyclic Voltammetric (CV) studies: Estimation of Cathodic 
Potential (Ep'), Anodic Potential (Ep*) and Half Wave Potential (£"1/2) 
The electro - chemical behaviour of metal complexes i.e. [M(dipic) (4-
picoline)] [M = Co (2), Ni (3), Cu (5)] and [Fe(dipic) (4-picoline)]Cl (1), have been 
studied employing cyclic voltammetry of their aqueous (10"^ M) solution in the 
potential range - 1.250 V to + 1.250 V at the scan rate 0.05, 0.1, 0.2 vs''. The 
electrode potentials have been measured using Ag/AgCl as a reference electrode in 
the presence of tetrabutylammonium perchlorate as a supporting electrolyte. The 
typical cyclic voltammogram have been regenerated through computer stimulation 
as shown in figure 4. 3 - 4.6 and the relevant cyclic voltammetric data comprising 
Cathodic Potential (Ep'^ ), Anodic Potential (Ep^ ) and Half Wave Potential (E°i/2) have 
been summarized in Table 4.3. 
The cathodic cycle of the cyclic voltammogram (CV) for the complex [Fe(dipic) (4-
picoline)]Cl (1) recorded at 0.2 vs'' scan rate (Figure 4.3) exhibited four cathodic 
waves while the reverse anidic cycle produce only three identifiable anodic waves 
(Table 4.3). These anodic waves get coupled with the corresponding cathodic waves 
to form a well defined quasi-reversible anodic redox wave at E°\a = 0.96V (AE = 
Ep' - Ep' = 0.136V, IpV Ip" -1.0) a weak flattened anodic wave at E°ia = +0.093V 
(AE = Ep'- Ep' = 0.065V, Ip7 Ip' -1.0). The spectrum contains a weak flattened ill-
defined quasi-reversible cathodic wave at E°\a = -0.500V (AE = Ep'^ - Ep^  = 0.245V, 
lp7 Ip^  ~1.0). However, the intense cathodic wave observed at -0.80V being left as an 
irreversible cathodic wave indicate the presence of a considerable irreversible 
reduction at this potential to produce an irreversibly reduced species i.e. [Fe"(dipic) 
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(4-picoline)] during the electro-chemical processes. However, the electro-chemical 
reactions consistent with the formation of the anodic and cathodic redox couples at 
E°i/2 = + 0.96V, + 0.093V and -0.50V generated at anode and cathode may be given 
below. 
At Cathode: 
[Fe'"(dipic) (4-picoline)] + e' • [Fe"(dipic) (4-picoline)] (Ep' = - 0.8 V) 
[Fe"(dipic) (4-picoline)] • [Fe'(dipic) (4-picoIine)]" (E°i/2 = - 0.50 V) 
At Anode: 
[Fe"(dipic) (4-picoline)] . [Fe"'(dipic) (4-picoline)]" (E°,/2 = + 0.092V) 
[Fe"'(dipic) (4-picoline)] . [Fe'^dipic) (4-picoline)]" (E°,/2 = + 0.96V) 
The present observation suggest that the electro-chemical redox processes involves 
one electron oxidation or reduction to generate the redox couples Fe" '^ , Fe'" "' and 
P i^v /111 j ^ ^ magnitude of the half wave potentials for the formation of the various 
redox couples during the electro-chemical redox processes for the present complex 
(1) are comparable to that reported [17,18] by other workers. 
The cyclic voltammograms for the complexes [Co(dipic) (4-picoline)] (2) (Figure 
4.4) and [Ni(dipic) (4-picoline)] (3) (Figure 4.5) exhibited a nearly identical feature. 
The voltammogram consisted of irreversible wave during the cathodic scan which 
do not get coupled with the wave in anodic scan suggesting the presence of an 
irreversible reduction process i.e. M" + e" »- M' (M = Co (2) or Ni (3). 
However The voltammogram showed a well defined quasi-reversible anodic redox 
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wave (Table 4.3) at E°i/2 ~ 1.0 (AE = Ep' - Ep' - 0.15V, Ip7 Ip' -1.0) consistent 
[19.20] with the formation of the M"™ redox couple in the solution. The position of 
the redox coupled is only slightly altered with the increase in the scan rate from 0.05 
toO.2 VS"'. 
The cyclic voltammogram (CV) for the complex [Cu(dipic) (4-picoline)]CI (5) 
(Figure 4,6) exhibited an unusual feature compared to that observed for the 
corresponding complexes discussed above. The voltammogram contained three 
irreversible cathodic waves (Table 4.3). The present data are compatible with the 
successive irreversible processes followed by chemical disproportionation. 
However, the observed quasi-reversible redox wave E°i/2 = +0.971 V is consistent 
with the formation of the Cu""" couple [20-22]. The overall electro-chemical 
process may be represented as following: 
At Cathode 
[Cu"(dipic)(4-picoline)]+le" ^ [Cu'(dipic) (4-picoline)]" 
[Cu'(dipic)(4-picoline)]"+le" • Cu° + (dipic)^" + 4-picoline 
2[Cu'(dipic) (4-picoline)] " + le" >• Cu° + [Cu"(dipic) (4-picoline)] + 
(dipic) 2-
+4-picoline 
i 
(Chemical-disproportionation) 
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0150x1 cr'-
OlOOxlOr'-
OOSOxiff'-
0 -
-0 050x1 or' 
^ I O O X K T ' 
-0150x1 (r*-
4J 200x1 Crs 
1.2S0-1 OOOO.7504 SOfrO250 6 0250 0 SOO0 750 1 JOOOI .250 
E/V 
GREEN - 0.05 scan rate 
RED-0.1 scan rate 
BLACK - 0.2 scan rate 
Figure 43. Cyclic voltammogram recorded at room temperature for 10'^  M solution 
of [Fe(dipic) (4-picoline)]Cl (1) recorded at 0.05, 0.1 and 0.2 scan rates. 
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0.150x1 cr* 
oiooxnr* 
OJOSOXIO* 
^050x10* 
-0.100x10* 
JJ. ISOxlO' - l—.—I—.—I—'—I—•—I—•—I— •—I—>—I—>—I—•—r-
• 1 2501 XOOO.rsaO £000 250 0 0250 0 SOOO 750 1.0CO1.2£O 
E/V 
GREEN - 0.05 scan rate 
RED - 0.1 scan rate 
BLACK - 0.2 scan rate 
Figure 4.4. Cyclic voltammogram recorded at room temperature for 10" M solution 
of [Co(dipic) (4-picoline)] (2) recorded at 0.05, 0.1 and 0.2 scan rates. 
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O.lOOxior'-
o.osoxior' 
0-
.0.050x1 On'-
-0.100x1 or'-
-o.isoxicr^ 
1 25ai i)0a0.75a0 S0&0.25O 6 0.250 0.5000 750 1.0001 250 
E/V 
GREEN - 0.05 scan rate 
RED-0.1 scan rate 
BLACK - 0.2 scan rate 
Figure 4.5. Cyclic voltammogram recorded at room temperature for 10"^  M solution 
of [Ni(dipic) (4-picoline)] (3) recorded at 0.05, 0.1 and 0.2 scan rates. 
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0 1 0 0 : KT'-
ooyseKT'-
ooscfeKr"-
002S;1(r'-
0-
43025:10^ 
^OSQcKT'-
4)07S:1(r»-
•12501 DOOO 7SD-0SOO32S0 0 0:2SC 0500 0.753 1 ^301 ^£0 
GREEN - 0.05 scan rate 
RED - 0.1 scan rate 
BLACK - 0.2 scan rate 
Figure 4.6. Cyclic voltammogram recorded at room temperature for 10 M solution 
of [Cu(dipic) (4-picoline)] (5) recorded at 0.05, 0.1 and 0.2 scan rates. 
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